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Preface 


In enacting the ‘National Science and Tech 
nolegy Policy, Organization and Priorities 
Act of 1976 (Public Law 94-282). the 
Congress specified, in a declaration of pnn 
ciple, that the development and implementa- 
tion of strategies for determining and achiev- 
ing the appropriate scope, level. and direc- 
tion ofUS. scientific and technological 
efforts should involve a wide range of 
Participants from both the public and the 
private sectors. In particular, the act direct. 
ed that a multiplicity of views be gathered 
in the preparation of both the Five Year 
Qutiook on science and technology and 
the Annual Science and Technology Re 
port to the Congress. 

In keeping with that commitment, and 
as one means of fulfilling the Nationa! 
Science Foundation’s responsibility to pro- 
vide primary assistance to the President's 
Science Adviser in the preparation of the 
Annual Science and Technology Report to 
the Congress. 1981, NSF convened a se 
ries of panels of experts ‘from industry, 
government, and academia during the fall 
of 1981. Those panels explored the policy 
implications of a number of current and 
emerging issues in science and technology 
that were selected by the staff of the Founda 
tion in consultation with advisers, in and 


outside of government. All issues are ‘e 
lated to the generic theme of economic re 
covery, a theme at the core of the Admin 
istration’s national science and technology 
policy. 

The panels’ deliberations are summa 
rized in the eight working papers in this 
compendium. As anticipated, they were 
exceedingly useful to the staff of the NSF 
Office of Special! Projects in assisting the 
Office of Science and Technology Policy 
with the preparation of the Administration's 
Annual Science and Technology Report to 
the Congress. 1981. Since the papers also 
delineate an important set of policy issues 
on the national agenda, the Foundation is 
publishing them separately to stimulate pub 
lic discussion about the roles science and 
technology can play in contemporary Amen 
can society. Although al) of the papers 
were reviewed for technical accuracy. the 
views and perspectives theyexpress do not 
necessarily reflect official policy positions 
of the US. Government or the Founda 
fon 
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Director 
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7 Introduction 


The eight working papers presented in this 
compendium were prepared for the Na 
tional Science Foundation (NSF) as one 
means to assist the Office of Science and 
Technology Policy with the preparation of 
the Administration's Annual Science and 
lechnoloay Report to the Congress. 198] 
They focus on specific aspects of three 
central themes that are directly related to 
President Reagan's goal of revitalizing the 
Nation's economy and that the Director of 
NSF. in transmitting the second Five-Year 
Outlook on science and technology to the 
Congress. emphasized as being worthy of 
increased public attention. The themes are 
e the shared responsibility of the public 
and private sectors for maintaining 
the strength of the U.S. science and 
technology base: 
¢ the contributions of science and tech 
nology to industrial innovation, pro- 
ductivity. and economic growth; and 

¢ the changing international context of 
U.S. science and technology. 

The papers do not provide a detailed 
analysis of all relevant policy issues. nor do 
they attempt to weigh advantages and dis 
advantages of possible policy options. Rather, 
each is intended to identify significant na- 
tional issues in science and technology 
that are either currently on the policy agenda 
or likely to emerge in the near future 


Public and Private Sector 
Responsibilities 


lhe first three papers in the compendium 

Space Commercialization, Genetic Engineer 
ing, and Industrial Robotics—are concemed 
with the challenge of determining appro 
priate public and private sector roles for 
the conduct and application of scientific 
and technical research and development 
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The Administration has made clear its dual 
commit:aent to accepting the support of 
basic research in science and engineering 
as an appropriate and important Federal 
responsibility and to returning responsibili 
ty for most technological development pro 
jects to the private sector. Nonetheless. a 
few select areas remain in which the ful 
fillment of national needs requires the Fed 
eral Government to maintain an active 
role beyond the research stage 


Space Commercialization 


One of those areas is space, in which U.S 
Government policy has historically aimed 
to achieve a wide range of scientific, com 
mercial. political, and military objectives. 
Ihe Nation's space policy is now shifting 
from its former focus on exploring new 
scientific and technical possibilities toward 
an emphasis on exploiting past accomplish 
ments to ensure that the sizable national 
investments made during the past two dec 
ades will provide greater returns than have 
been realized to date. Given that new focus 
finding mechanisms to involve the pnvate 
sector more fully in space activities will 
clearly be a high priority 

There is littlke argument regarding the 
desirability of commercializing space activi 
ties when feasible, particularly in view of 
the virtual certainty of increasingh: strong 
foreign competition. However. significant 
problems still surround the transfer of any 
given space technology to the private sec 
tor. One of the key questions to be re 
solved is: What constitutes a reasonabie 
risk for industry to take and a fair burden 
for the taxpayers to assume in the devel 
opment of space technologies to serve 
multiple purposes? Candidates for com 
mercializaiion include satellite communica 
tions, remote sensing, rocket launch and 
shuttle services, and materials processing 
The feasibility of commercialization in each 
case and possible options for government 
industry relationships in the overall com 
mercialization process are discussed in the 
paper 
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Genetic Engineering and Industrial 
Robotics 


Genetic engineering and industnal robot 
ics are vastly different from space science 
and technology—and from each other— 
both from a technical point of view and in 
the types of contnbutions they can potentially 
make to US. industry. However. both are 
examples of fields in which the Federal 
Government, universities, and private in- 
dustry, working separately and in concert, 
are close to fulfilling their appropriate func 
tions in research, development. and com 
mercialization. Both fields have emerged 
from fundamental research in science and 
engineering. the majority of which was 
conducted at university laboratories and 
supported by public funds. Both are being 
actively developed and commercialized by 
industry (often in cooperation with univer 
sities) almost exclusively with private funds 


Genetic Engineering. The speed with 
which private industry has begun to use 
the revolutionary research results in genet 
ics to commercialize new products and 
processes is impressive. A few companies 
began to explore the commercial implica- 
tions of recombinant DNA techniques as 
early as 1975, only 2 years after the tech 
niques were developed in university labo 
ratories. Today. there are approximately 
100 small firms and numerous divisions of 
established companies applying the tech 
niques in an attempt to develop commer 
cial products. The few products developed 
so far have been otherwise unavailable or 
available only in limited quantities at high 
cost. There are an enormous number of 
potential applications of recombinant DNA 
techniques and other recent results of mi 
crobiology research for the pharmaceutical 
industry, for the production of industrial 
chemicals, and for agriculture 

Given this contextual background, the 
paper on genetic engineering then high 
lights the current status of the technologi 
cal and commercial exploitation of recent 
research results and also explores some of 
the complex policy issues—-relative public 
and private sector roles, for example —that 
are emerging. Implications of increased 
university invol.ement in commercializable 
research, legal problems associated with 
patenting new life forms, and hazards, in 
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cluding the public's perceptions of the haz 
ards, inherent in research on basic genet 
ics are considered 


Robotics Technology. Robotics technolo 
gy and its potential applications in industry 
are receiving considerable attention, pri 
manily due to increasing public and private 
concems with U.S. industrial productivity 
Approximately 2.000 robots were produced 
in the United States in 1980. and that 
figure is expected to increase to 40,000 
per vear by the end of the decade. By 
i9%G, ihe robotics market in the United 
States is predicted to be betweeen $2 and 
$3 billion annually. or about 10 percent of 
the anticipated industrial investment in au 
tomation equipment, 

The introduction of robots into industri 
al production is expected to result in in 
creased productivity. enhanced product qual 
ity, improvements in the quality of jobs. 
and more effective corporate responses to 
changing markets. In addition, it is antici 
pated that robots will have important uses 
in national defense. Because of their flexi 
bility compared to currently operating au 
tomated equipment. robots can facilitate 
small - batch processing. They should there 
fore have a positive effect both on the 
competitive positions of small companies 
and on the national defense effort, where 
military procurement needs are often for 
items that must be processed in small 
hatches 

Thus. the paper on industrial robotics is 
aother case study on the shared public and 
pr.vate responsibilities in a potentially high 
payoff, high productivity technology. It re 
views the present and anticipated future 
technical capabilities of industrial robots. 
highlights the economic aspects of and 
incentives for the adoption of robotics in 
industry, and considers the critical problem 
of worker displacement 


Contributions of Science 
and Technology to Industrial 
Innovation, Productivity, and 

Economic Growth 


Genetic engineering and robotics are ex 
amples of areas in which the United States 
has led the way both in conducting the 
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requisite basic research and in applying 
the research results to new commertcia! 
technologies. However. the dominant posi 
tion of the United States in the commer 
calization of those and other promising 
technok aes 1S In dander sn eroding The 
situation suqgests an urgent need to make 
wore effective se OT (sy scientific and 
technological! resources [0 enhance PCO 
omic growth and intemational competi 
tiveness. Four papers in the compendium 
explore broad generic issues associated 
with using science and technology to in 
rease industnal productiuty Industna!l Re 
search, Development. and Innovation: Cor 
inbutions of Social Science to Innovation 
and Productivity. Obsolescence of Scientif 
ic Instrumentation m Kesearch Universi 
ties: and Adequacy of US. Engineering 


Education 


Industrial Research, Development. 
and Innovation 


Ihe paper on industnal research, devel 
opment. and innovation examines recent 
trends, policies. and developments that tend 
to encourage or discourage those activities 
in the private sector and discusses their 
implications for Federal policy. Recent ini 
tiatives in Federal tax structure. requlations. 


‘patent and antitrust quidelines. and tech 


nology transfer have been designed. in 
part, as incentives to stimulate industrial 
investments in research and development 
and to decrease existing barriers to innova 
tion. Industry itse!f has also initiated a 
vanety of cooperative R&D mechanisms 
and has taken additional steps to respond 
to the technological challenge imposed by 
foreign competition and by other market 
factors. Given the extensive analyses cor 
ducted, the present challenges to pohcy 
makers may be to achieve consistency end 
stability in policymaking and to consider 
aiming proposed or existing initiatives at 
particular industrial sectors. Clearly. such 
an emphasis would require greater know! 
edae of and attention to sectoral, regional! 
international, and institutional implications 


Social Science Contributions to 
Innovation and Productivity 


Studies of social and organizational intlu 


ences in industry are some of the least 
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Instrumentation Obsolescence and the 
Adequacy of Engineering Education 


Ihe long term innovative capacity of the 
Nations industries depends on the con 
tinued availability of new scientific concepts. 
data, and technologies, and on the quanti 
ty and quality of scientifically and techni 
cally trained personne! 

Increasinaly. many of the Nation's scien 
tists and engineers who work in university 
laboratories cannot get access to the ad 
vanced instrumentation that in large mea 
sure determines their ability to produce 
groundbreaking results. The costs of de 
veloping, purchasing, and maintaining the 
instruments required for even the more 
routine types of investigations have esca 
lated at more than the rate of inflation 
Moreover, such equipment intensive fields 
as physi s, chermstry, the life sciences, and 
engineenna have experienced a decade m 
which instrumentation has become increas 
ingly sophisticated and expensive During 
the same period, funds available for re 
search instrumentation have declined 
considerably 

Since over halt the basic research con 
lucted in the United States is carned out 


in university laboratories. a decline in the 
research potential of the universities is like 
ly to immose a bamier to the overall rate of 
scientific advancement. More immediately, 
the deterioration of university research ca 
pabiliies can slow down the rate at which 
new types of instruments are developed 
for use in industrial laboratories. with 
potentially senous consequences for indus. 
al innovation. The paper on the obsoles 
cence of scientific instrumentation assesses 
the magnitude and possible consequences 
of that probiem in the universities and 
explores a range of possible responses 
from industry. the Federal Government. 
and the universities. 

In addition *o facing instrumentation prob- 
lems. the Nation’s universities are experi 
encing personne! difficulties. There are se 
rious faculty shortages in U.S. engineering 
schools. The shortages. exacerbated by the 
obsolescence of instruments for both re 
search and instruction, have led to wide 
spread concern among engineers in aca 
demia and industry about wheiner univer 
sities can retain their capacity to provide 
education of sufficient quality to adequate 
numbers of engineers at bachelors and. 
particularly, Ph.D. levels. The paper on the 
adequacy of US. engineering education 
discusses the origins of the faculty problem 
and speculates about its consequences for 
the quality of instruction and research in 
the Nation's universities. Cooperative ini 
tiatives being undertaken by industry and 
universities to help alleviate the quality 
problem are also reported. 


International Cooperation in 
Science and Technology 


Ihe final working pape: ‘n the compendi 
um focuses on international Cooperation 
in science and technology. The context 


within which the Luited States engages in 
saentiic and technologxal cooperation has 
changed substantially as the United States 
has come to realize that it is no longer 
and cannot expect to be-—preeminent in 
all fields of science and technology. A 
possible framework for reviewing the basis 
on which to establish priorities for scientilix 
and technological cooperation is suqgest 
ed. Several categories of intergovernmen 
tal cooperation, based on the nature of the 
countries involved and their relationships 
to the United States and to one another. 
are explored. The growing importance of 
international Cooperation in science and 
technology among private firms and uni 
versities and the important role the Feder 
al Government can play in facilitating such 
cooperation are also noted. In an envi 
ronment in which American preeminence 
in all areas of science and technology is no 
longer possible or, perhaps. even desir 
able. careful attention needs to be paid to 
ways in which international cooperation 
can complement domestic R&D efforts 
conserve scarce financial resources. help 
US industry maintain or improve its in 
ternational competitive position. and con 
tribute to U.S. political and security objectives 

While the final paper deals explicitly with 
international cooperation in the context of 
US. national needs and goals. each of the 
other papers also focuses on some aspects 
of maintaining the strength and effective 
ness of US. science and technology capa 
bilities in an era of scarce domestic re 
sources and increasing international com 
petition. Taken together, the papers are 
intended to stimulate discussion about two 
critical questions that lie at the heart of 
national scence and technology policy con 
siderations) What are the most effective 
investments that the Nation as a whole 
can make in scence and technology? What 
is the appropriate Federal role in those 
investments 7 


Space Commercialization 


Abstract 


Although facilitating a more prominent role for the private sector is an important objective of 
U.S. space policy. that role will be constrained not only by the large and long-term capita! 
investments involved, but also by the scientific. political, and national security objectives of the 
U.S. space program. Thus far, complete private sector ownership and operation has on 
been achieved for satellite communications. Remote sensing also has commercial promise 

though complete transfer to private management is likely to be achievable with far greater 
difficulty. The feasibility of substantial private involvement in space conveyance services and 
in materials processing is aiso receiving considerable attention. Other commercialization 
prospects, such as solar power satelite systems and space mining operations. are not 
regarded as li<ely candidates for the near future. Any realistic strategy for encouraging spa e 
commercialization must recognize that Federal involvement. at least in the initial devek p 

mental stages, is a prerequisite for a viable private sector role. Conversely, early and effective 
private sector involvement in space technologies could help determine fruitful, exploitable 
research directions and also ensure the development of services and systems that meet the 


criteria of commercial operation. 


Introduction 


The commercial exploitation of space has. 
in recent years, become a topic of serious 
policy consideration for a number of rea- 
sons. Foremost among them is a belief that 
after more than two decades of an active 
space program. it is time for the sizable na- 
tional investment in space to pay off to an 
even greater extent than it has to date. Given 
current constraints on the Federal budget. 
coupled with the Administration's active re 

assessment of the proper relationship of gov- 
ernment and business, an increased focus 
on the role played by the private sector in 
facilitating the economic growth and wel; 

being of the United States is sure to contin 

ue. Such fundamer.tal poiicy considerations 
will have an impact on all commercialization 
and technology transfer decisions, including 
those pertaining to space. 

There is little argument regarding the de 
sirability, in principle, of commercializing space 
activity whenever and wherever feasible. The 
contribution of satellites to the development 
and expansion of our communications ca 
pability serves as an encouraging example 
of the payoffs possible from timely R&D 
efforts and industrial involvement in exploit 
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ing technological developments. However, 
a number of basic problems surround the 
transfer of any given space technology or 
activity to the private sector. The problems 
become especially troublesome if commer 
cialization is understood to mean private 
sector ownership rather than some such hyond 
arrangement as Federal ownership and pri- 
vate management or the creation of a pub: 
iicly funded corporation. In all areas of space 
activity, one of the key questions is: What 
constitutes a reasonable risk for industry and a 
fair burden for taxpayers in the development of 
space technologies that will serve multiple 
purposes for the Nation? 

Consideration of what space activities can 
be commercialized and how, and what the 
should be, cannot be separated from other 
important considerations imposed by the 
multiple objectives of U.S. space policy. Al 
though a prominent and responsible private 
sector role in space is one of the implicit 
objectives of that policy, the role needs to be 
evaluated and understood in relationship to 
other goals important to national well being 
The attempt to meet those various goals 
may at times create dilemmas and constraints 
for enhancing the role of the private sector 


An Overview of U.S. Space Policy 


U.S. space policy has sought to achieve a 
wide range of odjectives including national 
secunty. U.S. economic and political leader 
ship. international cooperation. commer 
cializaton. and scientific progress. The initial 
premise of implementing a space program 
with a large civil component was that the 
undertaking was of great benefit to the Nation 
wid thus was worthy of large-scale public 
support. That premise has been elaborated 
in the National Aeronautics and Space Act 
of 1958 and iis amendments. 

tntry into space has necessitated the de 
velopment of new technologies to conquer 
and to utilize effectively the advantages and 
opportunities presented by the new environ 
ment. It has also required the creation of an 
entirely new infrastructure where none pre 
viously existed. Parallels to this situation can 
be found throughout U.S. history where, at 
crucial points, the Federal Govemment played 
a pivotal role in underwriting the Nation's 
development by subsidizing particular indus 
tries, especially in trade, railroad construc 
tion, and land development 

The large task of creating a space infra 
structure to support technological devel 
opment has been influenced primarily by 
military and nationa! security objectives, al 
though the creation of the infrastructure has 
fulfilled other purposes as well. The advance 
of communications and information tech 
nology has been important for national se 
cunty reasons and for maintaining U.S. leader 
ship in key high-technology areas. Remote 
sensing, like satellite communications, pro 
vided many areas of the world with otherwise 
inaccessible services, established tne United 
States as world leader in the field, enhanced 
international cooperation, and proviced in 
formation on world resources vital for plan 
ning, economic development, national se 
curity, and public benefit. Finally, the space 
shuttle has been developed to serve both 
civil and military needs. It, in particular, is 
perceived as playing a vital national security 
role 


The International Context 


The crafting of a long term investment pro 
gram in space in an era of budgetary con 
straints will be complicated considerably in 
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the years ahvad by discussions and rulemaking 
on space in the intemational arena. Fer from 
being esotenc and of interest to only a few 
nations. space issues have evoked worldwide 
concem and involvement well beyond the 
members of the “space club.” those nations 
with active space programs 

Experience with some issues recently dis 
cussed at the World Administrative Radio 
Conference—for example. the Moon Treaty 
direct broadcast satellites, and solar power 
satellites — points to a determination on the 
part of the world community. and particularly 
third world nations, to design a set of rules 
that would preserve and set aside opportun 
ities for latecomers. Negotiating rules that 
establish a predictable and reasonable frame 
work for the continued development of space 
while preserving the flexibility necessary to 
respond *. changes and challenges in the 
space e: sonment and to encourage pn 
vate industry's involvement is one of the 
most important political and economic chal 
lenges of the next decade. The ability of the 
United States to respond constructively to 
pressures to explore and exploit the Moon, 
for example, or to build space manufactur 
ing facilities to process resources onginating 
from space will depend on a clarification of 
rules governing the extraction of space re 
sources and a framework of international 
cooperation and even collaboration in space 


An Overview of Public and 
Private Sector Roles in Space 
Commercialization 


While a fundamental belief in the benefits of 
a maior public investment in space has served 
as the basis for all space development activi 
ties. the evidence for a profit, from a cost 
accounting perspective, resulting from the 
Nation's space investment is difficult to 
pinpoint. Many more years may be required 
before a reasonable assessment can be made 
Only in one area, communications, can the 
short term taily be shown to justify the initial 
investment. Although the eventual commercial 
benefit of space development is incalcula 
ble. it is nonethvless thought by many to 
hold great promise. However, any intensi 
fied private sector role in space development 
will have to be premised on the existence of 
a space program that is long range, diversi 
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echnoloay base. Appropriate Federa! ck 
sions and strategies conceming privak 
Justrys role first must focus on the 
mercial opportunities being created by the 
Nation s space program 


The range of private sector involveme 
ind the forms some commercial ventures 
have taken vary a great deal. Coinpiete pr 
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vale sector ownership and operation Nas 
been actMmeved only in sateurtc communica 
tions and may possibly. though with far greater 


lifficulty. be achievable in rernote sensing 
Space development has. however. promoted 
pnvate sector participation as contractor and 
supplier. as developer of secondary services 
for example, value added processing ot 
remote sensing imagery). and as transformer 
of space technologies into new commercia! 
ventures and applications 

Unfortunately. the public debate on com 
mercialza.on and space frequently casts the 
Federal Government and private industry as 
antagonists. The fact is that broad-based Fed 
eral space policy has not been the antago 
nist: it is. rather. the basis of commercial 
profit from space. Once that is understood 
the key issue for the future becomes not 
how to remove the Federal Government 
from the picture but how to develop or define 
the most positive and appropriate role gov 
ernment can play in the commercial devel 
opment of space technology and space 
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Candidate Activities for 
Comnrercialization 


Although the initial investigations of civilian 
uses of active communications satellites were 
done by American Telephone and Telegraph 
Company (AT&T). the National Aeronau 
tics and Space Adrinistration (NASA), in 
the early sixties. pioneered geosynchronous 
communications satellites. Since then, many 
other types of space activity have been de 
veloped and now are viewed with varying 
degrees of optimism as candidates for future 
commercialization. For example. remote sens 
ing has been, for the last few years, the focus 
of intensive scrutiny, both within and outside 
of the Federal Government, to determine 
whether transfer of any portion of its opera 
tional responsibility to the private sector is 
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[here are obvious differences in the matu 
nty of these activities aiid the possibilities tor 
thei technical exploitation. Other dimensions 
on which the activities covered by these cat 
eaones differ include the availability of ready 
w plausibly developable markets. the rela 
Hionship of the technology to national secu 
nity and cther public policy concerns. the 
constraints that could be imp ysed by the 
nternational polity al environment, the in 
vestmeni of capital required. and the risk 


any public or pnvate investment would entail 


Space-Assisted Communications and 
Information Services 


Ihe two space activities with the most im 

mediate commercial application, satellite 
communications and remote sensing by satel 
lite. are essentially land-based activities in 
vhich satellites play a crucial role in record 

ing or relaying information from one point 
on the earth's surface to another. In neither 
case, however, has industry assumed a leader 

ship role without aid. In both cases, the role 
of the Federal Government has been impor 

tant. though in varying degrees, and. in the 
case of remote sensing, successful transfer 
to private ownership has yet to occur 


Satellite Communications. |} com 
munications satellites pioneered by AT&1 
in the late fifties and by NASA in the early 
sixties lent themselves to immediate and hiahly 
successful commercial exploitation. Indeed 
the extraordinary arowth of the domestic 
and international communications satellite 
industry has made it logical to point to its 
success story as a model for future space 
commercialization efforts However, the rel 
arively easy success of satellite communica 
tions may have been more an exception 


than a pattern. The single most important 
factor accounting for this success was the 
existence of an already well-developed market 
served by an established private industry. 
Communications is the only area, thus far, 
where that condition has existed with respect 
to applying space technology to commercial 
operation. 

Nevertheless, even the highly positive 
market conditions were not sufficient in and 
of themselves to ensure the long-term com- 
mitment of private sector involvement and 
takeover without some Federal assurances. 
Thus, during the Eisenhower Administration, 
private industry was initially reluctant to 
assume all the initial risk of developing sate! 
lite communications without assurances that 
the government would provide launch ser- 
vices for any new technology developed and 
would not enter into direct competition with 
private sector development. Later. under the 
Kennedy Administration. Congress perceived 
it in the national interest to have the tech- 
nology implemented and decided to enter 
into the communications sate !!'te business 
by passing the law creating a quasi-private, 

uasi-public communications satellite corpora- 
tion, COMSAT. 

More recently, advances in communica- 
tions and information technology and con 
tinued development of receptive markets 
have resulted in a period of rapid growth, 
diversification of services and service pro- 
viders. and high profits in the communica- 
tions and information industries. Both estab- 
lished carriers and newcomers have. in an 
environment of deregulation and increased 
competition. moved to take advantage of 
and promote the opportunities made possible 
by technical advances in those industries. 
Curently, the principal challenges confronted 
by the industry are the limitations on the 
radio frequency spectrum, the availability of 
space in the geostationary orbit, and the 
restrictions (for example. a priori pianning 
for frequency and orbii use) that could be 
imposed by international bodies regulating 
both resources. 


Clearly, the existence of a strong private 
sector communications industry with large, 
well-established markets, by which the tech- 
nology could be readily exploited, was of 
fundamental importance to the success of 
commercialization efforts. The technological 
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advances made possible by NASA research 
and deveiopment served, in effect. to extend 
at a propitious time the reach and scope of a 
service already being supplied by other means 
More recent strategies for exploiting new 
communications technologies have not re- 
quired a public demonstration mode} and 
initial investment of public funds. However, 
Strategies used by private firms to provide 
innovative telecommunications and informa 
tion services may be indicative of the types 
of institutional arrangements needed if other 
space activities are to be successfully com 
mercialized. Specifically. the creation of Satel- 
lite Business Systems. combining the resources 
of three large companies (IBM, COMSAT. 
and Aetna). has raised the question of what 
resources, both institutional and financial. 
are required to reduce anticipated market 
risks to acceptable levels. That. in turn. may 
have some implications for antitrust consid- 
erations and the direction that targeted de- 
reguiation may have to take. 


Remote Sensing. After satellite commu 

nications, remote sensing from space appears 
to be the most promising of the space activi- 
ties for near-term commercialization, although 
current budget battles may render such com- 
mercialization moot. The technology used 
to sense the earth from space to estimate 
crops, map terrain, and make inventories of 
resources has been available on a demon- 
stration, quasi-operational basis for approx- 
imately a decade. The utility of the imagery 
from the resource-sensing satellites of the 
Landsat series is widely acknowledged, al- 
though its ultimate benefits cannot be esti- 
mated accurately in dollar amounts. Over 
100 nations have purchased Landsat data 
from the Earth Resources Observation Sys 

tems (EROS) data center operated by the 
Department of the Interior. and 13 have 
bought their own earth stations to be able to 
receive Landsat data directly from the satel. 
lite. Domestically, several Federal Govern 

ment agencies rely routinely on Landsat data 
to conduct a portion of their business, and 
State and local governments have similarly 
increased their reliance on satellite imagery. 
Through contract arrangements with the fed 

erally operated program, first with NASA 
and now with the National Oceanic and 
Atmospheric Administration (NOAA). private 
activity to date has focused primarily on build 


ing satellites for the Federal Government 
and on providing value-added services to 
other, mostly private clients by enhancing 
Landsat imagery. 

In the wake of increasing administration 
and congressional interest in assessing the 
feasibil*) of transfeming operational responsi 
bility for remote sensing to the private sector. 
specific mechanisms need to be explored 
both by the Federal Government and by 
private firms. Past efforts ‘o aevise plausible 
strategies for that transfer ave encountered 
some difficulties. Remote sensing, especially 
in its quasi-operational phase. has never been 
a self-sustaining enterprise. and returns on 
the purchase of data have not come close to 
matching the costs of operation. 

Unlike satellite communications technol. 
ogy, remote sensing has not emerged within 
the context of an established and growing 
market served by a well-developed and thriving 
industry. In fact, the technical and market 
nsks associated with satellite communications 
pale by comparison to the problems con. 
fronted by remote sensing. The need to de- 
velop markets while simultaneously defin- 
ing the parameters of an intemationally com. 
petitive and commercially sustainable system is 
quite a challenge. The uncertainties are re 
inforced by other, intemational factors. Among 
them is competition from the French remote 
sensing satellite. SPOT, now slated for im- 
plementation in 1984-1985. That system's 
development and operations will be supported 
by the French government. and its perform. 
ance may make some of the capabilities of 
the US. system obsolete. The international 
rulemaking process might impose restrictions 
inimical to commercial expansion of the col- 
lection and dissemination of data. causing 
an additional problem. Even if the U.S. Gov 
ernment makes no attempt to recover de- 
velopment costs (and none is likely), it is 
difficult to conceive of a single industry being 
willing or able to shoulder all the investment 
risks required for operationai transfer. 


Within this context, efforts to maximize 
private sector involvement may require both 
compromises and imaginative institutional 
solutions. The primary issue may be not 
whether a private company can successfully 
operate the system but, rather, what entry 
conditions must be considered to reduce 
the overall risk of initial investment to ac 
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ceptable proportions without, at the other 
extreme, presenting an outright handout. If 
the Federa! Government decides that con 
tinued U.S. leadership in remote sensing is a 
worthwhile national goal, new institutional 
arrangements to achieve that goa! will have 
to be sought. It is currently thought that 
continued. but decreasing. public support 
during the transition period will be the case 
One possible solution wouid be for the Fed 
eral Government to launch Landsat-D if pri 
vate industry agreed to take over its opera 
tional responsibility. 


Space Conveyance 


Technology has now made two types of 
conveyance to space possibie: the expend- 
able rocket and the reusable space shuttle. 
The intention of U.S. space policy has been 
that shuttle services would, once developed. 
be relied upon for the transfer of objects and 
human beings to orbit. However, the future 
is likely to allow purchasers of transportation 
to space to choose from a variety of options, 
including the shuttle, the French rocket Anane. 
U.S. rockets. and even launch by a domestic 
or foreign company, for example. OTRAG. 
a German based, private rocket development 
company, or its American counterpart. Space 
Services. Inc. 


Rocket Launch Service. Future US. de- 
emphasis of traditional rocket launch sys- 
tems as a consequence of encouraging shuttle 
use has not dampened interest. both do- 
mestic and international, in the commercial 
possibilities of rocket launch services Based 
on the continued demand for space con. 
vevance (especially for commercial communi 
cations payloads). the French government 
decided that a launch capability priced com 
petitively with shuttle fees could become a 
successful commercial venture. That belief 
in the continued competitiveness of expend 
able rocket launches may have been well 
placed. Delays in NASA's shuttle program 
have generated concern among votential 
launch customers so that some customers, 
to ensure delivery of their satellites into orbit 
at required times, have made inquiries of 
the French. The attractiveness of the tradi 
tional launch method has also been enhanced 
by the escalating costs of the shuttle pro 
gram and the expectation that future opera 
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tional costs could sharply outstrip initial 
expectations. 

U.S. private enterprise is also taking on 
the calculated risk that traditional launches 
will remain a profitable alternative for some 
purposes. Thus. Space Services. Inc.. a pri- 
vate company based in Texas. tested its first 
rocket in mid- 1981. Although the first test 
proved unsuccessful, it was. nonetheless. the 
opening shot of a venture intended to pro 
vide cheap. reliable launches as an alterna. 
tive to g@overnment-sponsored systems. The 
endeavor of Space Services. Inc.. is particularly 
noteworthy in that it is a rare example of a 
private company deciding to proceed in a 
space activity without initial government 
assistance. 

How successful private efforts to develop 
a space launch capability will be is not clear. 
Even though the launch technology is well 
established and accessible, adequate stand. 
ards of reliability and control may require 
more of an investment and higher fees for 
service than initially imagined. Nevertheless, 
a cautious prediction might be made that 
rocket launches under private commercial 
sponsorship will eventually become a fixed 
part of the menu of space services available 
to those who require them. provided no 
undue obstacles are presented by domestic 
or international law. One potential domestic 
obstacle is whether the Federal requlatory 
structure is applicable to private launches 
from U.S. territory. 


Space Shuttle. The new US. Space Trans: 
portation System (STS). based on the shut- 
tle, opens up the possibility of a new era in 
space. The shuttle is a reusable vehicle that 
can deliver and retrieve payloads as well as 
serve as a temporary in-orbit base for opera- 
tions. experimentation, and repairs. More 
than an alternative launch vehicle. it is capa 
ble of transporting larger satellites into orbit 
than conventional rockets can, and it is highly 
maneuverable. 

Although probably not realistic in the near 
future, private sector operation of the shut 
tle has always been an option under consid- 
eration Proponents point out that once STS is 
established it ceases to be the object of re- 
search and development, except in the case 
of refinements to the technology. The ap- 
propriateness of NASA’s continuing role as 
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the system's operator may, therefore, be an 
issue if a strict interpretation of NASA's charter 
as one that confines the agency to an R&D 
role is taken. 

As a practical matter, however. a reason 
able strategy for the private takeover of STS 
operations or even a portion of them is diffi 
cult to devise. First. STS was developed for 
joint civilian and military use. Not only is the 
shuttle expected to carry civilian and military 
payloads. but it has been proposed that the 
two launch sites and at least a portion of 
mission control will be used in common. 
Second, the enormous cost of the entire 
system makes duplication for commercial 
purposes unlikely in the foreseeable future. 
The cost of the system was a primary con 
sideration for the dual use and, therefore. by 
extension. argues against the possibility or 
advisability of disaggregating the system into 
civil and military components 

Thus. devising plausible strategies for com- 
mercializing (Le.. promoting private ownership 
or operation of STS) becomes difficult. The 
multipurpose approach, strongly focused on 
serving national security requirements, frus- 
trates possible notions of reserving portions 
of the system for private sector development. 
Assuming a willingness on the part of a single 
company or, more realistically. a consortium, 
to invest the $1 billion needed to purchase 
shuttle technology. questions would still 
remain about how a private orbiter could be 
integrated into the existing operational 
scheme. A time- or cost-sharing scheme might 
be one solution. Equally puzzling is the ques: 
tion of how a privately owned vehicle would 
fit as a user of an integrated Federal facility. 


If the nature of STS precludes even lim: 
ited private ownership, a long-term alterna. 
tive strategy might include a gradually ex: 
panding private role achieved by leasing STS 
to a private operator through a GoCo 
(govemment-owned, contractor operated) ar 
rangement. The GoCo concept is well estab 
lished as an acceptable arrangement by which 
private contractors operate key facilities for 
the Department of Defense. Assuming the 
establishment of a management and opera 
tions scheme adequately responsive to na 
tional security requirements and assuming, 
as well, an increased economic viability for 
STS. this kind of limited commercialization 
of the shuttle might be possible. 


Space Industrialization 


The cluster of activities described under the 
rubric of space industrialization is a far more 
distant. long-term c smponent of the space 
development program. If those activities were 
to reach fruition, they could eventually en- 
hance the commercial! relevance of STS and 
provide a rich potential for private industry's 
involvement. As in the preceding cases. how- 
ever, realizing that potential will no doubt 
hinge on maintaining a broad-based. feder- 
ally funded space program that establishes a 
plausible investment and risk climate for the 
private sector. 


Materials Processing in Space. Matenals 
processing in space offers the possibility of 
using the low-gravity and high-vacuum envi- 
ronment of space to produce certain classes 
of alloys. pharmaceuticals. glasses. semi- 
conductors, and superconductors. Initial space 
experiments with materials processing took 
place in rockets that simulated the environ. 
ment of space. Future experiments are slated 
to use the shuttle to deliver payloads into 
orbit and retrieve them. 

With the inception of NASA’s Materials 
Processing in Space (MPS) program, there 
was a clear and immediate perception of the 
need for private involvement from the outset to 
ensure the most favorable circumstances 
possible for systematic commercialization. 
The programmatic approach of MPS could 
be construed as a deliberate mechanism to 
correct the long, drawn out experience of 
attempts to commercialize remote sensing. 
The two central elements of the MPS pro. 
gram were the establishment of a solid proc- 
essing research base and early industrial 
involvement. In addition. the establishment 
of cooperative international research activi: 
ties and the development of nongovemment 
facilities of national stature for independently 
funded space research reinforced the vitality 
of the program 

NASA's creative thinking yielded some 
early positive signs of industrial interest. For 
example, McDonnell Douglas Company and 
Johnson & Johnson entered into a joint 
agreement with the space agency for a ma- 
terials processing experiment to be flown on 
the shuttle. The joint venture commits the 
two parties to provide specific materials and 
services (shuttle transportation and integra 


tion by NASA, the expenment by McDonne!l! 
Douglas and Johnson & Johnson). but no 
money will change hands. This agreement 
mechanism could be a great facilitator in the 
future of joint public and private projects. 
Sustained commercial development of this 
kind will require the continuation of the NASA 
MPS program. continued availability of suc! 
creative institutional arrangements as the 
joint venture described above. and reliability 
of STS for delivery and retrieval of experi 
ments and, eventually. marketable payloads 
on a reasonably predictable production 
schedule. Further expansion of MPS into a 
permanent. stable. fully developed indusmal 
venture must. however. be Vewed as belong 
ing to a more distant future when and if the 
unfolding of a comprehensive space indus 
trialization capability becomes possible 


Solar Power Satellite. Many of the gen 

eral observations made about materials proc. 
essing also apply to the possible develop 

ment and commercial operation of a solar 
power satellite (SPS) system. Such a system 
entails the development of some means to 
capture solar energy in space. transmit it to 
earth. and convert it into electricity. The most 
likely system now proposed would place solar 
panels in space to beam solar energy to 
earth through microwave transmission. SPS 
differs from MPS in several crucial respects 
that. taken together, indicate that the devel- 
opment of solar power from space may not 
be feasible in the near future. SPS would 
require a prior substantial development of 
the space infrastructure-—a manufacturing 
capability and large, flexible. platform con 

struction. In other words, the viability of SPS 
is dependent upon a broadly developed space 
capability. The impetus for the establishment of 
such a capability is directly related to R&D 
costs and how those costs relate to the avail 
ability of alternative eneray sources. Devel 

opment of the SPS system will also be af 

fected by intemational rulemaking. Decisions 
about microwave transmission of solar eneray 
to earth were set aside in an atmosphere of 
some controversy at the LISO World Ad 

ministrative Radio Conference. It is clear 


. that despite steadily rising costs of terrestrial 


energy sources, the space-based solution is 
still a long way from becoming a cost effective, 
environmentally acceptable reality 
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Space Mining. Although clearly a long-term 
future development. space mining has al- 
ready been the subject of vigorous public 
debate. Terrestrial resources no doubt will 
remain adequate for the foreseeable future. 
Yet the eventual exhaustion of particular 
terrestrial minerals may one day make mining 
the Moon and other planetary bodies more 
attractive, especially if building in space be 
comes a reality 

Like the previous issues. space mining will 
require certain prior conditions, for exam- 
ple. the continued development of a broad 
space capability. an increased need on Earth 
for space-derived materials, a feasible risk 
situation for private industry. and an accept- 
able international framework. 

(guestions concerning the international! 
framework have assumed an early and urgent 
significance because of the Moon Treaty. 
Formally titled “Agreement Governing the 
Activities of States on the Moon and Other 
Celestial Bodies.” the treaty was drafted in 
the U.N. Outer Space Committee and was 
submitted in 1981 to individual nations for 
ratification. Lack of clarity in key provisions 
goveming the exploitation of lunar resources 
and the consequent controversy raised ques- 
tions about whether the treaty could provide 
an environment appropriate for active pri 
vate sector pursuit of space mining. 


Issues and Choices 


The objective of maintaining U.S. world lead. 
ership for national security and economic 
purposes. the many objectives of the U.S. 
civil space program since its conception. and 
the broad requirements of maintaining a 
workable research and technology base for 
a sustained space capability form a complex 
and sometimes conflicting context within 
which to pursue commercialization. 
Nonetheless. several factors point to the 
possibility of a more active future involve. 
ment by the private sector in space activities. 
First, left to itself. technical development and 
refinement can be extended indefinitely, and 
those involved can demonstrate a reluctance 
to “freeze” the state of the art for purposes 
of general transfer and use. From this per 
spective, it is argued, focusing on the “read. 
iness of technology developed under Fed 
eral auspices can be misleading and distract 
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trom the central issues, which are the recep 
tivity of the market for the technology or 
technical system and the technology's com 
mercial feasibility. 

Second. a primary purpose of space relaied 
R&D is to enhance the position of the United 
States in international trade and to sustain 
competitiveness and, wherever possible, lead 
ership in technical areas. Early industnal in- 
volvement or even primary responsibility for 
the activity is essential to the achievement of 
that purpose and the successful accomplish. 
ment of commercial adaptation. Where pri- 
vate sector involvement is mosi appropriate. 
technologies can be deveioped with an ex 
plicit eye toward existing and potential mar 
kets, and system requirements can be de 
fined to meet common denominator stand. 
ards of reliability and service delivery instead 
of being geared to exciting but perhaps com 
mercially inappropriate technical advances. 
Early and effective private sector responsibility 
could thus be perceived as playing a crucial 
role in selecting, from a range of possibilities, 
those activities that are clearly marketable 
profitably, thereby obviating the extended 
and costly pursuit of those technological al- 
tematives where the ultimate economic payoff 
is questionable. 

Finally, the nature of the U.S. political 
economy plays an important role in defining 
the most appropriate modes for adapting 
technological innovations and improvements 
stemming from Federal research and devel: 
opment activities to new commercial pur- 
poses. The traditional role of the private 
sector as an independent, self-motivating. 
creative producer of goods and services pro- 
vides scant legitimacy to the Federal Gov 
ernment in the role of market developer. 
sales agent, and, at times. even R&D per. 
former. In effect, the Federal Government is 
relatively less effective as a vendor than a 
private company in commercializing and ex. 
ploiting an ongoing, profitable endeavor. 


However, any realistic strategy for encouragq 
Ing commercialization must recognize that 
Federal involvement in the initial phases of 
developing a space program is not antitheti 
cal to a private sector role but. rather, is often 
a prerequisite for such a role. The exp 
ence of the last 20 years has demons: 
the reluctance of industry to underta! 
risk of assuming ownership and ope) 
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of innovative space systems or initial responsi 
bility for the required basic research 

Thus, encouragement of greater industval 
involvement in space and in oiner high-nsk 
technology areas may be achieved by a co 
herent ciuster of policies that enhances the 
attraction of unusually long-term investments 
in select areas where development is judged 
to be in the national interest. The risks may 
be further attenuated by the pursuit of inno- 
vative institutional arrangements—for ex- 
ample, joint ventures, public private corpo 
rations. consortia for research, development. 
and even operation of space technology. 
and the like. That kind of policy framework 
could relieve the Federal Government of at 
least a portion of the financial burden it now 
assumes in underwriting the initial devel 
opment of space activities. 

However, it would be unrealistic to expect 
industry either to assume primary responsi- 
bility for civil space development or even to 
take. unaided, the first steps in assuming 
ownership of major space systems. From 


both perspectives, the Federal role will be of 
cntical importance. The key elements of that 
role will continue to be. as they were in the 
past, responsibility for long-term R&D and 
the delineation of a policy framework that 
encourages private participation and responsi 
bility in partnership with the Federal Go 

ernment. Strategies used in the past clearly 
will require careful reassessment with an eve 
toward limiting the extent and duration of 
Federal involvement in areas that could benefit 
from an earlier and more extensive private 
sector role. Ultimately. effective private in 

volvement in a variety of space technologies 
could help rationalize the costs of R&D 
deemed appropriate for public support: help 
determine fruitful, exploitable directions for 
space research: ensure an expeditious de 

velopment of relevant markets: ensure the 
development of services and systems designed 
to meet criteria of commercial operation: 
and, perhaps. contribute in a variety of ways 
to reducing the total amount of public sup 

port now needed for space activities. 
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Abstract 


Revolutionary advances in the basic knowledge and understanding of the genetic code that 
programs the development of every living organism have enabled molecular biologists to 
develop a new set of techniques. known as recombinant DNA technology or genetic 
engineering. The new era in genetics holds vast promise for the direct treatment of genetic 
diseases. the production of revolutionary drugs. the synthesis of industrial chemicals. the 
development of new agricultural species. the recovery of mineral resources. and many other 
areas. A sizable amount of funds has been invested in many new companies formed to 
conduct research and exploit the field. There is also increasing activity in older large 
companies. University researchers are active participants in the ventures, and the exciting 
commercial potential of research has intertwined university and industrial science to an 
extent that some see as a threat to traditional and fruitful academic research. Educational 
resources are likely to be severely challenged by the need for large numbers of professionals 
in many allied fields. Although a recent Supreme Court decision has established the 
patentability of genetic engineering results. complex proprietary problems remain. The 
National Institutes of Health (NIH) Guidelines. stimulated by the concerns of scientists and 
the public at large about the unwitting release of disease-causing organisms, have come 
under recent review. A decision was made by the NIH Recombinant DNA Advisory Commit 
tee (RAC) to keep the mandatory rules. but relax their provisiers. Evaluations of other 
hazards still require substantial attention. Federally supported twswarch created the field, and 
such funding will continue to be warranted for the basic science complementing the now 
much larger commercial investment. 


With that basic knowledge and understand 
ig. a new era opened. Molecular biologists 
began developing a new set of techniques. 
known as genetic engineering or recombi: 
nant DNA technologies, whereby specific 


Introduction 


In 1953 Watson and Crick provided the 
understanding necessary to “crack the ge 
netic code.” In doing so, they were able to 


explain the basic structure of deoxyribonucleic 
acid, or DNA, the molecule in all living things 
that contains the totality of genetic informa 
tion and programs their development. DNA 
was discovered to be a long, twisted. ladder. 
shaped molecule (double helix), whose rungs 
always consist of pairs of the same four 
subunits. Differences between the genetic 
program of one species and that of another 
are due to the varying arrangements of those 
basic subunits. 

The unit that determines a specific char 
acteristic of an organism is called a gene and 
is frequently made up of a number of adja 
cent rungs on the DNA ladder. One of the 
gene's functions is to program repeatedly 
the creation of a specific protein in a cell (for 
example. a hormone), which in tum has its 
own specific function in the organism. 
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genes can be removed from one species 
and spliced into the DNA of another. Once 
such a genetic transfer is successful, the re 
combined DNA can indefinitely replicate as 
the host reproduces. Recombinant DNA 
(ry DYNA). gene splicing, or genetic manipula 
tion techniques allow the transfer of genetic 
information not only within species, but be 
tween species belonging to widely different 
kingdoms of life. Thus, genetic engineering 
provides virtually unlimited prospects for the 
development of new strains of organisms 
that can be modified to serve human needs 
either by the acquisition of useful character 
istics or by the production of new products. 
The insertion of a single gene into a bacteri 
um, causing it to produce a targeted prod 
uct, will be a common example of recombi 
nant DNA technology. 
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Recombinant DNA techniques. which have 
been used in the laboratory to produce human 
insulin, growth hormone, and interferon, are 
now being introduced into the marketplace. 
Indeed, the prospects for applying the tech 
niques to medicine. agriculture, energy. and 
other fields seem virtually limitless, and an 
aggressive new industry has emerged to put 
the new technology to use. Potential appli 
cations include production of new vaccines. 
control of genetic disorders. improvement 
of agricultural yields. and production of new 
energy sources. The largest markets are likely 
to develop in the chemical and agricultural 
industnes. 

The sudden emergence of the innovative 
technology, with its potential broad applica 
tions and social significance, is expected to 
generate, along with opportunities, attendant 
problems and anxieties with which society 
must grapple. A great deal of time and effort 
has been devoted to anticipating and assess 
ing the risks inherent in the technology and 
the potential biohazard that could accom 
pany its widespread application. Clearly. the 
risks will need continuing reevaluation. This 
paper focuses on the benefits and advances 
that can be expected from the commercial 
ization of recombinant DNA technology with a 
view to identifying what initiatives. if any. the 
government may need to take in fostering 
and. if necessary. regulating those activities 
to maximize the benefits and minimize the 
risks to society 


Current and Likely 
Applications 


It is impossible to assess with any confidence, 
or in any detail, the future comn ercial signif. 
icance of genetically engineered products. 
Both the substances and the production tech- 
niques yet to be developed may be quite 
different from the ones now being used. A 
striking example. however, gives some un 

derstanding of the excitement that has been 
stimulated. The hormone interferon, known 
to be effective as an antiviral agent and under 
study as a potential anticancer agent, is now 
being made by conventional extraction and 
purification techniques at a cost of 40 thou. 
sand dollars per milligram. Once the geneti- 
cally engineered interferon-producing bac 

teria developed recently are available in com- 


mercial quantities, the price per milligram is 
expected to be about 10 cents. Genetically 
engineered interferon has already been tested 
on humans with some success. and it is 
expected to be on the market in a few years 

However. that spectacular early success 
of genetic engineenng in biomedicine occur 
red for several reasons that may not be typi 
cal of other applications. First, the substances 
produced thus far are “one gene” products 
the genetic material responsible for their man 
ufacture can be readily inserted into bacte 
na. which then can reproduce rapidly in 
fermentation tanks. Second, money for re 
search and development in this area. both 
private and Federal. has been readily avail 
able. Finally, there exists an active commu 
nity of highly skilled researchers. trained both in 
recombinant DNA technology and in bio 
medical research, who are strongly motivated 
to develop approaches with the potential of 
curing a variety of genetically determined 
diseases. 

Nonetheless, a number of commercially 
valuable biomedical products already made 
in the laboratory by recombinant DNA tech 
niques will go into production soon. They 
include human insulin, human growth hor. 
mone, interferon. and a vaccine for hoof 
and- mouth disease. It is thought that many 
other therapeutically useful products will be 
made possible by the technology and that 
the commercial availability of such products 
is simply a matter of time. 


Genetic engineering not only will make 
possible the production of useful substances 
at affordable prices, but it also is expected to 
facilitate the development of far more pre- 
cise methods for detecting genetic diseases 
in utero. While it is still too early to know how 
successful such gene therapy will be. there 
are. in theory, no insurmountable technical 
obstacles to the diagnosis and treatment of 
genetic disease at the cellular eve! Howev: 


er, no successful experimen! ing lab 
oratory animals have yet be: ed, and 
clinical trials with human subjects cannot 


proceed until clear-cut successes are achieved 
with animals and the potential risks to humans 
are adequately identified. In any case, the 
limitation of gene therapy is expected to be 
found not in the application of the technol- 
ogy itself, but in the ability of the genetically 
repaired cells to multiply successfully enough 
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to render insiqnificant the proportion of still- 
diseased cells and, thus. to ameliorate or 
vliminate the disease 

Several areas of industrial chemical pro 
duction are expected to be transformed by 
genetic engineering techniques. Industnal 
chemicals can be produced either by fer 
mentation (biological synthesis} or by chem- 
ical synthesis. Essential ingredients are petro 
chemicals. which provide the feedstock, and 
heat and pressure, which are required to 
overcome the eneray activation barriers and 
to speed reactions. The high cost of fossil 
tuels provides a great incentive to develop 
fermentation methods for synthesizing indus 
trial chemicals. Also, biological processes re 
quire less energy. are far more product 
specific. and are thought to pollute less than 
present chemica! production techniques 


Agriculture stands to benefit greatly from. 


applications of the new technology. In theory, 
genetically engineered plants can be made 
to fix their own nitrogen. eliminating the 
need for the energy intensive and costly 
ammonia-based fertilizers on which most of 
US. agriculture and virtually all of the “Green 
Revolution” of the third world so heavily 
depend. It is thought that plants eventually 
can be modified through genetic engineer 
ing to flourish in salty water, extreme heat or 
cold, short growing seasons. and other ad 
verse conditions. Success would open great 
tracts of previously unusable planting sites 
to agricultural production and development. 
While genetically engineered plants of 
commercial value have yet to be developed. 
the fact that such companies as Shell. 
Occidental, Atlantic Richfield. Sandoz. Up- 
john, Pfizer, and Ciba-Geigy have established 
so called agrigenetic programs suggests the 
senousness of comorate interest in the future 
of genetic engineenng in agriculture. At pres 
ent.advances are handicapped by gaps in 
fundamental knowledge of plant physiology 
at the molecular level, particularly with regard 
to genetic traits of agricultural importance 
Perhaps partly for that reason, some of the 
major seed companies are not yet moving 
into the new technology. and classical plant 
breeding techniques will continue to be im 
portant fo. the foreseeable future. In the 
intemational arena, U.S. product goals often 
overlap with those of overseas Companies, 
and joint venturing and multinational licens 
ing are becoming increasingly common. One 
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reason US. scientists and institutions are 
now affilating themselves with foreign compa 
nies is because there tend to be fewer con 
straints on research, development, and mat 
keting of products outside the United States 

At the moment. the United States leads in 
the fundamental sc:ence of genetic manipu 
lation, but that lead could be shortlived due 
to heavy international competiiion. Fur 
thermore, the United States lags behind Japan 
and, to a lesser extent, Europe in fermenta 
tion technology. For example. Japan holds 
SO percent of the patents in the fermenta 
tion industry and is a world leader in the 
production of antibiotics and enzymes. How 
ever. Japan has not yet established an 
organized thrust into research on applica 
tions of genetic engineering and will most 
likely rely on others to do so, at least in the 


short term. By contrast. a number of Euro 


pean countries. including England. France. 
Switzerland, and Germany. are actively pur 
suing programs in genetic technology and 
have established research and testing com 
panies in applied genetics 


The Development of the 
Commercial Enterprise 


In 1971, a group of scientists and investors, 
recognizing the potential commercial impor- 
tance of developing improved strains of mi- 
croorganisms for use in the preparation of 
pharmaceuticals, formed the first company 
specihcally addressed to such developments 


_ The company, Cetus, Inc., applied advanced 


technology to look through vast numbers of 
random mutations in the hopes of finding 
commercially promising ones. 

Two years later, in 1973, Professors Boyer, 
at the University of California, and Cohen, 
at Stanford University, invented techniques 
for splicing together genetic material from 
two different life forms. By removing a sec, 
tion of DNA from one species and combin 
ing it with DNA from another, they efficiently 
created their own aimed for variants 

Through that discovery, a new industry 
was created. By 1975, Cetus and several 
other companies were exploring the vast 
potential of the new field. Today there are 
approximately 100 small finns and numerous 
divisions of established companies applying 
the techniques of gefe manipulation to pro 
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duce commercially valuable products. many 
of which are othenvise unavailable or avail 
able only in limited quantities at high costs. 

While the orginal scientific accomplish 
ments achieved through intensive research 
were supported by the Federal Govemment. 
the development of genetic engineering as 
an industry has been nchiy aided by money 
trom the private sector. As of 1981, approx 
imately $400 million of private capital, not 
including public stock offerings. had been 
invested in 25 companies. Venture capital 
firms have played a major role in funding 
the startup of many research-onented firms 
and have provided financial, organizational. 
and marketing skills. In L980 alone, about 
$100 million was invested by venture capital 
firms. Large corporations in the drug, oil. 
chemical, and agricultural industries have 
invested about $250 million plus manage 
ment consulting efforts in small research 
companies, an efficient way to gain entry to 
the field. In addition, two of the leading 
companies, Cetus and Genentech, have raised 
$130 million and $36 million. respectively. 
through recent public stock offerings. 

However, it is expected that the rate of 
new investment in genetic engineering by 
venture capital firms will decline. Such firms 
probably have already made their commit 
ments to the field. Since most products are 
still a long way from the marketplace, a retum 
on investment based on actual sales is un 
likely for most in the short term. Future funding 
for the already established small companies 
will likely come from stock sales to the public 
and from continued investments by large 
corporations. Those changes in funding 
patterns do not mean necessarily that the 
number of startups will drastically drop. since 
companies catering to specialty markets will 
no doubt continue to be formed. 

Yet the application of recombinant DNA 
methods and genetic engineering research 
has not been the exclusive domain of small 
entrepreneurial firms. in addition to those 
already mentioned that are active in the 
agricultural area, a number of other large. 
established corporations are developing their 
own serious in-house efforts. They include 
Merck, Hoffman & La Roche. Eli Lily, Du 
Pont. General Electric. and J.D. Searle. An 
example of a successful endeavor by a major 
corporation is the recently developed and 
patented bacterium that can decompose oil 
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to aid in the cleanup of spills. That new life 
form was developed at General Electric using a 
combination of early genetic engineering 
techniques 

Clearly. the range of applications possible 
in genetic engineering is broad enough and 
is developing fast enough that both large 
and small commercial enterprises can con 
tinue to flourish. Nonetheless. it is expected 
that eventually the major firms are likely to 
take over large scale production efforts, while 
the smaller firms cater to demands for spe 
cialty products and develop new substances 
for trial or clinical evaluation 


Industry/University 
Cooperation 


Basic research conducted in university labo 
ratones was primarily responsible for creat 
ing the genetic engineering industry. and 
academia no doubt will continue to play a 
crucial role in its development. Though the 
technology is in its infancy. the theoretical 
knoaviedge base on which it depends is grow 
ing rapidly. In other areas, when a new in 
dustrial technology emerges from science. 
there usually has been a sizable gap between 
the results achieved in the research labora 
tory and the development of practical appli 
cations. While full scale manufacturing of 
usefui products is largely in the future. the 
initial application of the results of university 
expenments in genetic engineering has been 
almost immediate. There is, consequently, 
great demand by both small and large firms 
for close collaboration with university scien 
tists and their students. 

Collaboration between the two sectors has 
become extensive. Some university faculty 
members, who are active researchers in ge 
netic science. have some form of financial 
connection with one or more of the relevant 
commercial ventures. Others share ownership 
in newly formed entrepreneurial firms, par 
ticipate on corporate scientific boards, or are 
consultants for the industry. For those who 
have involved themselves in the private sector, 
those roles have become a significant part of 
their professional activities. Some have even 
left the university altogether for positions in 
industry, where salaries are higher, and re 
search facilities are often more elaborate 
and up to date. Ifthe exodus from the uni 


versity becomes a trend, it could threaten 
the continued education and training of new. 
tally needed entrants in the field 

lndustnal organizations have also provided 
tunds to enable universities to expand their 
research activities. Some recent examples of 
maior financial interactions have been dis 
cussed widely and often critically. Harvard 
Unmersity recently decided to forego partici 
pation ina direct contract with Du Pont for 
the sharing of research activity in genetic 
engineermg Subsequently. a somewhat dif 
ferent arrangement, involving a grant by Du 
Pont of So million. was agreed upon by the 
Harvard Medi al Sx bom | 

Hiowchst & Company, a West German 
chemical firm. entered into a $50 million. 
lQvuear contract with Massachusetis © 
eral Hospital. a teaching hospital for Har 
vard Medical School, to help develop teach 
nq and research in genetic engmeenng. While 
the rosearch is not to be product-oriented. 
any proprietary nghts that develop will belong 
to Hoechst. In addition. the Massachusetts 
Institute of Technology has recently accepted a 
sable contnbution from a Greenwich, Con 
necticut, industrialist, Edwin C. Whitehead. 
ty establish next to the university an inde 
pendent institute for biomedical research, 
which will be engaged in part in genetic 
engineering research. These are only three 
examples of the wide variety of university 
industry arrangements being considered, de 
signed, or implemented at numerous aca 
demic sites around the Nation 

Such interactions have been viewed with 
mixed emotions by some in the academic 
community and govemment agencies as well 
Intimate industrial involvement with univer 
sity research has occasionally been referred 
to asa “Faustian bargain” The university s 
role is to foster free and independent re 
search by faculty and students in the quest 
for knowledge and to disseminate openly to 
society the results of that research. Industry, 
on the other hand. is concerned primarily 
with profits. Unless other mechanisms are 
devised, industry focuses on product onented 
research and protects, through proprietary 
or trade secrecy. the information its research 
ers discover. Since those goals seem incompat 
ible. a university's acceptance of industrial 
money has been viewed by some as jeopardiz 
inq its essential research role, and academi 
cians are beginning to worry that university 


research may. with industnal support. become 
closed and too narrowly product onented 

Some of the concems being raised are tar 
more subtle Will there be verhaps. subcon 
scious pressures on researchers and then 
graduate students to change their pnonc.e> 
to favor prvestigahons with higher commer 
cial rather than intellectual potential? Will 
thee communication with colleagues outside 
the commercially supported institute or center 
be subtly compronsed? Wil the “honey 
moon penod that currently charactenzes 
uinversity industry arrangements gradualh 
turn sour as the differences in expectations 
of the two sides become more apparent? 

However. other academic dis iplines. 
phusics and electncal engmeenna in particular, 
have faced ihe same challenges vathout being 
unduly compromised. The birth of genetic 
enginceenng has been compared to the pre 
vious emergence of computer technology 
or of laser and semiconductor science from 
university laboratones two and three decades 
ago. There were some problems, but fruitful 
Cooperation was the predominant result. In 
addition, it should be noted that a number of 
industrial laboratories have a qood history of 
conducting open, fundamental science them 
selves and of interacting well with universities. 

However, genetic engineering is different 
in some rather important ways from the 
university industry cooperative development 
of lasers and semiconductors. In those fields, 
even at the beginning. industry was inde 
pendently facile with the new science and 
hence not as dependent on academic par 
heipation. Furthermore, the path from uni 
versity research to actual use and extensive 
commercial application took substantially 
longer than appears to be the case with 
genetic engineering. 

Possible solutions to the potential or exist 
ina conflicts inherent in university industry 
Cooperative agreements include: providing 
for the free and open publication of results, 
once patentability has been reviewed, vest 
ing patent ownership in the university (possibly 
in partnership with the faculty researcher). 
and giving the industnal sponsor exclusive 
rovalty, a free nght to practice the patent, 
and sublicensing privileges. While such solu 
tions could never be institutionalized, gen 
eral discussion of the issues by the corporate 
and academic communities could save in 
terested parties from having to handle such 


15 


problems on a time consuming. case-by-case 
hasis 
Ihe Federal Government has an impor 

tant role to play in providing a base of sup 
port for the most fundamental research upon 
which university and industry researchers 
then can build. It is noteworthy that when 
university industry interaction in laser and 
semiconductor science was so fruitful, Fed 
eral support for the fundamental, basic re 
search component of laser and semiconductor 
science was plentiful. Thus. the Federal Gov 
ernment can be quite critically involved in 
encouraging a healthy coupling between the 
university and industry. The recently enacted 
Patent and Trademark Amendment Act of 
LYS is a good example. It stimulates appli 
cations and effective industry cooperation 
by allowing the rights on inventions stem 
ming from federally supported research to 
be given to universities or small! businesses 
Perhaps most important, the act permits the 
granting of exclusive licenses under certain 
specified conditions. At times exclusivity can 
be a crucial factor in providing incentive for 
commercial development of a patent oni 
nating in a university lab. It should be noted. 
however, that the burgeoning genetic engi 
neering industry would probably not have 
been possible without the changes in patent 
policy introduced by the National Institutes 
of Health (NIH) in 1977. It was the new NIH 
patent policy that enabled universities to own 
patents based on NIH supported work and 
to license them exclusively to commercial 
firms for development 


Legal Issues 


The patentability of manmade life forms or 
scientific techniques involving life processes 
is not obvious. Although there is some prec 

edent derived from the patentability of plant 
hybrids, it was only in 1980 that the first 
patent of a genetically engineered life form 
was granted in a narrow 5-4 decision of the 
Supreme Court. The case was an appeal of 
the initial rejection of the patent for General 
Electric's oil-decomposing bacterium. Shortly 
thereafter, Professors Boyer and Cohen were 
awarded the patent for their 1973 basic gene 

splicing technique. Those two patent awards 
establish that not only the organisms cre 

ated by genetic manipulation, but also the 
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general techniques or processes themselves. 
are eligible for patent protection. Yet. it is 
expected that the application of the present 
laws to the new techniques will be beset with 
contusion 

A basic problem in patenting living things 
is the intnnsic variability and complexity of 
organisms and life processes. It will be ex 
cvedingly difficult to be sure what consti 
tutes patent infnngement. When one has a 
patent on a specific microorganism, it may 
be quite difficult to say whether another's 
OTreven, 
tor that matter, whether it is identical. Once 
an organism, no matter how difficult to create. 
is out of the lab, it can readily be qrown in a 
suitable culture. The problem will be particu 
larly acute in agnculture, where seed is widely 
disseminated. The breadth of the validity of 
patents on genetically engineered products 
will continue to be challenged. Furthermore. 
spontaneous mutations can and do occur in 
nature, and they will further complicate the 
entire issue. In addition, intemational law may 
play a role, given the degree of foreign and do 
mestic Cooperation in the new techniques 

The uncertainty is a serious concem for 
people in the industry. Patent law determines 
to a significant extent the commercial value 
of technical discovenes and. therefore, some of 
the motivation to seek such knowledge. Patent 
law also helps determine the timing and 
nature of technical publication and the extent 
of proprietary information or trade secrecy. 

Some decades ago, the patent laws were 
modified by Congress to include specially 
bred plants. It seems reasonable to consider 
now whether another modification may be 
in order. A potential solution would be the 
establishment of an interdisciplinary commit 
tee including scientists, legislators, and at 
tomeys that is overseen by the National Acad 
emy of Sciences and charged with sorting 
out the rational options in preparation for 
legislative consideration. 


organism is oris not a descendant 


Technical Personnel 


If the industry based on genetic engineering 
technology is to develop and grow in the 
United States, it will require a substantial 
pool of highly trained people in several sci 
entific and engineering disciplines. Molecu 
lar biologists, cell biologists. plant geneticists, 
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and plant physiologists are all central to the 
held. Physical and analytic chemists and bio 
chemists will be needed to perfect the labo 
ratory processes. As the movement to com 
mercial production takes place. biochemical! 
engineers, process engineers, and experts in 
fermentation techniques a'so will be needed 
im large numbers 

The educational level required of such 
people is exceedingly gh. Almost 20 percent 
some S00) of the emplovees of the top 10 
research companies started between 1975 
md 1979 have Ph.D. degrees. With increa 
ingly intensive activity in the agricultural and 
chermcal markets, the availability of people 
with the required skills soon may be taxed 
sorely. Some believe that the most critical 
personnel shortages will be in the ayncul 
tural areas. and individuals with scientific 
and engineenng background in fermenta 
hon technok mL will be in especially short 
supph 

Industry draws its research teams and its 
other lnghky skilled professionals from the 
research universities. The increasingly heavw 
demand by industry Poses a considerable 
challenge. and universities will meet it onk 
with difficulty. First. support for qraduate 
students is dwindling. Second, faculty and 
postdoctoral research scentists who train 
students are being drawn to the industrial 
laboratones by higher salanes and more elabo 
rate instrumentation. One possible solution 
would be the implementation of innovative 
joint university industry teaching programs 
mn Which students spend a penod of time 
domg research m an industrial setting as 
part of a degree program. That could help 
offset the decrease in training grants avail 
able to graduate students and persuade US 
students not to @o overseas for thei educa 
tion. While the actual outcome is difficult to 
assess, it is clear that without adequate 
numbers of highly tramed people the growth of 
the industry in the United States wall be slowed 
seriously 


Hazards and Social Anxieties 


The techniques of splicing one organism's 
Genetic material into another allow creation 
of new species, types that may nevor have 
come about through natural processes. Res 

cvanition that certain nsks may be associated 
with the processes hes induced concern 
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among researchers and the public that a 
hazardous orgamsm might be created. re 
leased unwittingly, and spread uncontrolla 
bly. The potential dange7 of such an occur 
rence onginally appeared far greater than 
that posed by hazardous chemicals. ssnce in 
theory a macroscopic amount of the released 
organism could multply undetected through 
out the environment 

Adding to the intensity of the concer was 
the fact that a large traction of the expen 
ments conducted in the mid 1970s used E 
coli as the host organism into which DNA 
trom other species was introduced — coli.a 
bacterium that normally resides ben‘anly in 
the human intestinal tract. is the most thor 
oudhh understood of all brea tenia. and for 
that reason i has long been the laboratory 
guinea pnq of microlnology. Nonetheless, it 
was feared that if a pathogenic strain of 
coli were created, the new organism might 
escape into the environment and cause an 
epidemic of unprecedented proportions. That 
was of particularly areat concem since genes 
affectng antiivotic resistance and tumor for 
mation were targets of research at the time, 
and no previous experiments of that kind 
had ever been conducted 

Several scientists, including Paul Berg, who 
won the LUSO Nobel Prize in Chemistry for 
his research on genetic manipulation meth 
odology. voluntarily halted some of their 
oat) expenments and initiated a public debate 
on the issue. The forum that received the 
most attention was a mevting of the leading 
genetics researchers, to which the press was 
mvited, at Asilomar, California. in 1975. In 
response to a statement negotiated and 
adopted by those attending the Asilomar 
Conference. the National Institutes of Health 
promulgated a set of quidelines for the con 
duct of genetic manipulation experiments 
The guidelines classified experiments into 
four hazard levels and specified the precau 
fons to be taken at each levei. All scientists 
funded by NIH were required to compa, 
Although research conducted mn industrial 
laboratonmes cid not offically come under 
the injunction, essentially all researchers in 
the Unter? Siates voluntarily comphed with 
the quidehnes 

Work conducted since the establishment 
of the NIBP quidelines has greatly improved 
understanding of the potential hazards as 
sociated with genetic engineerna In fact 
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experiments sponsored by NIH have even 
established the risk parameters for certain 
types of activity. A great deal of evidence 
exists today that genetic manipulation ex- 
periments are probably not as dangerous as 
was feared originally, although a continual 
reevaluation of the risks will be needed for 
all existing and future projects. 

There are two basic reasons for the relax- 
ation of concem, especially among research- 
ers. First, attenuated strains of E. coli were 
developed. They do not survive outside the 
laboratory and can grow only under special 
conditions. The attenuated strains are now 
widely available as the hosts for gene inser- 
tion. Second. it is now understood that there 
is a basic difference between the structure of 
the genes of higher organisms and the genes 
of bacteria. a difference that prevents the 
lower organisms from expressing genes of 
higher organisms and vice versa. The incom- 
patibility can be circumvented, but only with 
difficulty. It would not come about acciden- 
tally. as had been feared. There remains, of 
course, the possibility that a person with high 
technical competence, working either alone 
or in ateam, could intentionally set out to do 
mischief. That is. however. equally true in 
many other areas of scientific inquiry: the prob- 
lem is not unique to genetic engineering. 

A number of researchers are now asking 
for a reduction in the stringency of the NIH 
guidelines or for their complete rescission. 
The procedures mandated by the quidelines 
can be quite expensive and can slow research 
progress. To the extent that the guidelines 
have become unnecessary. they are surely 
worth eliminating: however. an in-depth as- 
sessment of the guidelines and their impact 
is needed before any action is taken. 

An advisory committee to NIH recently 
recommended that the guidelines all but be 
removed. The recommendations specified 
that any guidelines be enforced through peer 
pressure. The committee further recom 
mended that university biosafety committees. 
to which all proposed gene manipulation 
experiments now must be submitted for ap 
proval, no longer be required. The NIH Re 
combinant DNA Advisory Committee recon 
sidered those recommendations in early 1982 
and voted to retain mandatory Federal con 
trols on gene splicing research while some 
what relaxing their provisions. Most research 
ers appear to support the advisory commit 
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tee’s recommendations, but a minority have 
expressed strong reservations. While the dis- 
senters agree that the hazards are less than 
were once feared. they would prefer to move 
slowly until much more is understood. 

Potential hazards to human health are at 
the center of most of the concerns, including 
those that have been the subject of the NIH 
advisory committee recommendations on 
existing NIH guidelines. That is appropriate. 
since most of the reszarch on genetic ma- 
nipulation so far has dealt with organisms 
that could eventually affect humans. How- 
ever, there is growing interest in applying 
genetic engineering to problems in agricul- 
ture —in particular, to improving plants. Al- 
though plant scientists seem to be some. 
what less concerned than biomedical re 
searchers about the applications of genetic 
engineering. the same cautious approach 
seems appropnate. Researchers now are con- 
cemed with the potential loss of genetic di- 
versity, through the impoverishment of the 
gene pool, if a greatly accelerated move 
toward monocultures were to follow successful 
genetic engineering. The destruction of ge 
netic diversity could result in an increased 
susceptibility to pests and an ever-increasing 
use of chemical pesticides to compensate. 
The formation of a study group. perhaps 
within the Department of Agriculture. to de- 
velop a knowledge base, assess problems. 
and devise strategies appears to be a rea 
sonable first step. 

There is danger of public misperceptions 
of both actual potential hazards and unwar- 
ranted anxieties Any restrictions or relax: 
ation of restrictions must be adopted in a 
manner that will maintain public confidence. 
Even a minor incident would lead to a re 
vival of earlier fears. Local ordinances, based 
on inadequate information and attempting 
to regulate genetic engineering research, could 
impede the development of the industry and 
have particularly severe impacts on research 
ers and laboratories. Some cities already 
have enacted such legislation. Yet the issues 
raised by genetic engineering are not readily 
amenable to solutions on a local level. To 
help avoid the proliferation of local actions, 
the public should be invited to participate in 
informed discussions of the issues. In that 
way. decisions can be based on the most 
reliable information. and some national uni 
formity can be achieved. 


Federal Support 


Substantial fractions of modern technology. 
health care, and agriculture can trace their 
ongins to research supported by Federal 
funds. Rarely, however, has there been an 
example as clear-cut as genetic engineering. 
Only a few years ago, virtually that entire 
tield of research in the United States was 
federally supported. Nonetheless. there were 
cntics who argued that the Federal Govem- 
ment was wasting millions to satisfy the curi 
osity of molecular biologists, with no pros 
pect of usetul output. There is every reason 
to believe that a decade from now genetic 
engineering will be a prospering and socially 
beneficial technology with vastly greater 
payoffs than the total research investment. 

The Federal Government has accepted 
the responsibility for supporting research fo 
cused on acquiring new knowledge. Most of 
the basic research activity in genetic engi 
neering today clearly falls into that category. 
However, when research has the likelihood 
of sufficient Commercial application io at 
tract the investment of substantial private 
funds. Federal funding is no longer appro 
priate. The area in which that funding situa 
tion is true for genetic engineering is so large 
that care will have to be taken to ensure that 
important but not readily commercializable 
research is not overlooked 

Of the $150 million annual budget de 


voted to genetic engineering research by the 
Lederal Government through its granting 
agencies, Most goes to universities. The Na 

tional Institutes of Health. the Department 
of Energy. and the National Science Foun 

dation are the major suppliers of grant funds 
In genetic engineering. Research funds also 
are available to industry through special small 
business innovation and research programs. 
through cooperative university-industry re- 
search programs, and by direct grant appli 

cation. NIH has recently begun accepting 
grant applications from industry. However, 
the needs for research funding in this rapidly 
developing field will probably change faster 
than funding dismbution channels can adapt 


Conclusion 


The powerful technology of genetic engi 
neering, with its recent basic science discov 
eres, its Move to commercialization, and its 
recognition of and response to possible risks, 
has provided a gratifying example of societal 
advance through scientific knowledge. Any 
new technological development of that scope 
carries with it attendant problems and risks 
that will have to be reevaluated continually. 
Nonetheless, given the increasingly exciting 
opportunities the new field presents, one 
can look to the future with considerable 
optimism. 
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Industrial Robotics 


Abstract 


The increased attention being given to a wide range of potential applications of robotic 
technology arises from concem with productivity. fascination with those increasingly 
humanoid machines, and fears of large-scale displacement of workers. The industrial 
robot today is. in essence, a computer-controlled manipulator arm that is reprogrammabie 
for a wide range of simple functions: the robot of tomorrow will have its capabilities 
enhanced by rudimentary tactile and visual senses. Robotics technology allows reduced 
labor costs, higher product quality. and improvements in the workplace as robots take 
over appropriate and, often, the least desirable jobs. The robot-automated manufacture of 
batches too small for single-purpose automated machinery and the feasibility of shifting 
readily from one product to another will enhance responsiveness to markets and to 
defense production needs. The physical and organizational changes associated with 
robots so-far have slowed their introduction in U.S. industry, while other countries are 
adapting to the technology more rapidly. Nevertheless. U.S. production of robots is 
expected to increase at a rate of 35 percent annually. with some 120.000 estimated to be 
in place by 1990. That number seems to preclude major robot-induced worker displace- 
ment, although some is anticipated and should be planned for. Many feel that the net 
effect on employment may be positive. since jobs are created by improving productivity 
and enhancing the competitive position of U.S. manufacturing. Robotics is only one 
component of factory modernization, but it is an important and highly visible one. 


cepted simply as the next incremental de 
velopment in factory automation. 

Most observers take a positive view of 
the steady evolution of machinery, from 
powered looms to computers, and see 
improved technology as largely responsi 
ble for our moder standard of living. 
Industrial rovots can fit naturally in the 
pattern if the physical and organizational 
changes their introduction will necessitate 


Introduction 


Robots built or designed today are vastly 
less elaborate and humanoid than the 
models found in science fiction. Although 
nothing like R2D2 of Star Wars will exist 
for many decades. humanoid machines 
are intrinsically intriguing. They excited the 
imagination long before the word “robot” 
was introduced by the Czechoslovakian 


playwright Capek in his 1923 play. R-U.R. 
(Rossum’s Universal Robots). Robot sim- 
ply means “worker” in the author's native 
language. Even the essentially machinelike 
robots of today are, at times, lightheartedly 
ascribed human feelings by their designers 
as well as by workers in the factories where 
they are used. When the possibility of ro- 
bots displacing people arises, however. the 
anthropomorphic qualities attributed to 
them may escalate the emotional reaction 
beyond that normally caused by the intro 
duction of other machinery. As robots be- 
come a more familiar phenomenon and 
their limitations are more widely recog 
nized, the machines no doubt will be ac- 


are adequately planned. The development 
of robots results from the confluence of 
two technologies: computers and machine 
tools. The blending of sophisticated me- 
chanical design, powerful information proc. 
essing equipment. and advanced soft 
ware has enabled computers to control the 
performance of a wide variety of complex 
tasks. 

Three somewhat overlapping phases of 
development characterize the evolution of 
robotic technology. The first phase has 
entailed the development of relatively 
simple, preprogrammed or “open loop” 
robots. Most present day robots are simply 
mechanical arms programmed by a com 
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puter. At the end of the many-jointed ma- 
nipulator arm may be a clamp to pick up 
parts or to hold such tools as a spot- 
welding electrode or a paint spray gun. 
Information stored in a computer memory 
can make the arm move to any predeter- 
mined position and actuate the device fas- 
tened to its end. 

In the second phase. robots with rudi- 
mentary sensing and feedback capabilities 
have been developed. They are essentially 
preprogrammed robots whose programs 
can be modified in minor ways through 
feedback from sensors. The final phase. 
which has not yet begun but is viewed as a 
highly promising area for future develop- 
ment, is the introduction of “closed loop” 
robots having extensive sensing feedback 
properties. In that phase. intelligent robotic 
systems would be able to respond to their 
environment, to make rudimentery judg: 
ments, and to change work commands as 
needed. They could be used in a wide 
variety of work settings. However. that 
phase of development is probably quite far 
off; the technology now stands only at the 
threshold of what is likely to be a long 
evolutionary process over many decades. 

In recent months, robots have been the 
subject of a cover story in a leading news 
magazine, featured in several popular 
business and science publications, and dis 
cussed in a spate of articles in the daily 
press. Although the degree of attention 
they have received is probably out of pro- 
portion to their restricted capabilities and 
to their limited deployment likely in the 
near future. some serious attention is 
warranted, 

Robotics is an important and widely ap- 
plicable technology. now in the vanguard 
of manufacturing methods in the United 
States and abroad. Not surprisingly. plan 
ning for the introduction of industrial ro- 
bots raises dramatically the problems of 
workplace reorganization and employee 
displacement and retraining. plus the need 
for new ways of thinking about factory 
production methods. Yet regardless of the 
potential labor and organizational prob 
lems associated with their introduction, in 
centives for the utilization of robots are 
strong. They include increased productivi 
ty. enhanced product quality, and more 
effective responses to market changes. 
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While advances in the technology surely 
will allow impressive new capabilities for 
robots, it is the rather limited robots in 
production today, or on today’s drawing 
boards, that will have a significant impact 
on the manufacturing technology of the 
eighties. Beyond that time. uncertainty in- 
creases rapidly. and policy implications be- 
come more speculative. The primary focus 
of this discussion, therefore. will be on 
those robots likely to be entering cur fac- 
tories in the next decade or so. 


The Technical Situation 


American robots are being produced by 
10 companies. of which two, Unimation 
(Condec) and Cincinnati Milacron, ac- 
count for about 70 percent of all sales. 
General Electric recently has announced 
its entry into the field. and there is specula- 
tion that other large industnal organizations 
in the machinery and computer fields may 
enter the market in the next few vears. 
American robot production is approxi. 
mately 35 percent of the worldwide total: 
Japan has approximately 40 percent of 
the total. These figures do not include the 
large number of robots produced by com 
panies for their own internal use. 

As previously described. today’s robot is 
usually a many-jointed manipulator with 
an “end-effector” (gripper. welder, paint 
spraver, etc.) that can move in a complex 
preprogrammed pattern, performing its 
function at appropriate positions. For ex- 
ample. one of the simplest and _ earliest 
uses of the technology was the introduc: 
tion of robots into the die casting industry 
in 1969. The robot's gripper removes a 
red hot part from the die, dips it into a 
cooling bath, holds it in a trimming press, 
disposes of it, and then repeats the proc 
all at a constant rate. The robot can 
perform that repetitive hazardous job at 
lower cost than a human operator can. 

The major industrial application of ro 
bots today is automotive spot welding. 
There the robot's end-effector is a welding 
unit that clamps two pieces of metal in the 
car body together and turns on an electric 
current to make the weld. The robot arm 
then automatically moves to a new position 
to make the next in the series of spot- 
welds for which it is programmed. Differ- 
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ent automobile models may be interspersed 
on the same assembly line. since the ro- 
bots memory merely has to contain the 
program for each model presented to it. 
The robot produces a higher quality series 
of welds more rapidly than a person can. 

To program a new sequence into a 
robot's repertoire, the robot usually must 
be “taught” by switching it to a “learn” 
mode. Using appropriate controls on the 
robot. a human operator manually moves 
the machine through the exact sequence it 
will later perform automatically. Once 
completed manually, the new sequence 
becomes part of the robot's stored capabil- 
ity. to be selected as required. Some ad- 
vanced, mechanically accurate robots can 
be taught a new sequence by means of a 
magnetic tape containing a generic pro- 
gram that can be followed by any robot of 


the same model. That eliminates the need. 


for time-consuming manual teaching. The 
crucial difference between present-day ro 
bots and the now traditional machinery of 
“hard” automation --automatic machinery 
that can be used only for a particular 
purpose —is that robots are versatile. The 
recipes for many alternative. elaborate mo- 
tions can be stored conveniently in the 
robot's computer memory. A particular 
recipe can be selected as needed. and new 
sequences can be added easily. 

Robots also are being used in conjunc 
tion with other advanced machines. For 
example. a typical numerically controlled 
machine tool could be a lathe in which the 
operation is controlled by a form of mem 
ory (e.g.. punched tape). A machine under 
such control can bring a series of cutting 
tools in contact with the workpiece to 
shape it in a preprogrammed fashion. 
Some numerically controlled machines 
now have robot arms that load and unload 
the workpiece from the machine. Such 
special purpose or “dedicated” robots will 
become increasingly common. Neverthe 
less. as advanced robots become more 
versatile and capable of more sophisticat 
ed tasks, they will also become increasingly 
distinct from computer controlled machine 


tools. 
Robots will, in the next decade. “see” 
“hear. “speak.” and “feel” objects in a 


rudimentary way. They will be mechanical 
ly more facile. and they will interact with 


computers and computer-controlled equip- 
ment in the factory. A rudimentary form of 
vision, allowing a robot to “see” the object 
it is working on, is the capability that will 
most extend the potential applications of 
robots in the workplace. Giving a robot a 
TV camera “eye is relatively simple: get- 
ting the robot to recognize objects is a far 
more complex task. In both industry and 
academia, the research effort to enable a 
robot to visually recognize objects is inten- 
sifying. stimulated by the increasing com- 
puting power and decreasing cost of digi 
tal electronics. Since the factory robui 
usually interacts with a known object. the 
important vision problem is the simpler 
one of recognizing the object's position 
and orientation. It may be desirable for the 
robot to perform that task even when the 
object is in a bin and partially obscured by 
other objects. While this job is very easy for 
a human, getting a machine to perform it 
requires extremely sophisticated computer 
techniques. As one leading robot designer 
remarked, “It makes you appreciate people.” 
Simple specialized robot vision systems are 
available in the laboratory today. and it is 
predicted that moderately sophisticated 
ones will be commercially available by the 
middle of the decade. Refining the visual 
capabilities of robots will enormously en- 
hance their applicability to test and inspec 
tion tasks. 

For such operations as assembly. vision 
may not be as necessary as a sense of 
“touch.” The development of that sense 
would enable a robot to recognize when 
parts are not fitting properly and to make 
position adjustments as needed. As with 
“seeing” robots, many gradations in a ro- 
bots ability to feel an object are possible. A 
very simple tactile sense could be quite 
effective in enhancing a robots mechani 
cal measurement accuracy, permitting less 
expensive mechanical construction and 
greater applicability to a wide range of 
assembly operations. 

Semiconductor microelectronic parts 
are now available for the storage of a 
modest vocabulary from which specified 
words can be retrieved instantly Such de 
vices are being used to enable existing 
equipment to “communicate by voice 
with its user. (For example, “Oil pressure is 
low.) Potential uses for robots include 
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communicating maintenance needs and 
providing information about work prog: 
ress. Although understanding speech is 
considerably more difficult. it is expected 
that robots and other equipment may be 
able, in the not too distant future, to re 
spond to a limited vocebulary of well 
articulated commands by an operator. 

Yet. despite impressive advances, the 
performance of robots will remain vastly 
below the range of human capabilities. In 
the short term, certain mechanical im 
provements are foreseen. Today. robot 
“hands” have to be changed for almost 
every new job. Primary improvements will 
be made in general purpose or standard 
ized grippers. Another needed advance is 
in energy efficiency. Robots today use 
considerably more eneray than a human 
to perform a given job. In addition, they 
are more Massive and occupy more space 
than ultimately will be necessary. 

The rate at which robot capabilities are 
developed and adopted will be deter 
mined by the worldwide demand for new 
abilities in the marketplace, by the avail 
ability of people highly trained in the rele 
vant technology, and by the financial sup 
port given to the fundamental research 
and development needed for advances. 
Where most of the research and develop 
ment will occur remains an open question. 
Most of the original research in robotics 
was done in the United States. and this 
country remains the leader. In recent 
years, however, the proportion of research 
and development conducted in Japan and 
Europe has been increasing, 

The factors now influencing the robotics 
industry are similar to those that paced the 
development of the computer industry. Al 
though accurate predictions of the rate of 
change in robotics technology are not 
available, uncertainties about the techno 
logical development should not preclude 
planners from tackling the expected work 
er displacement problem so that its nega 
tive effects can be mitigated. 


Impact of Robotics on 
Manufacturing Processes 


Pressures for the use of robots are the 
same as for other machinery: to provide 
products and services to consumers at the 
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lowest possible cost to industry. With the 
advent of the industrial revolution, it be 
came possible to amplify the physical abili 
ties of people with increasingly powerful 
and complex machines able to perform 
particularly arduous or repetitious jobs. In 
the last few decades, the enhancement of 
human intellectual facilities became a reali 
tu by programming computers to perform 
vast computational jobs. A blending of the 
two technological breakthroughs has now 
allowed computers to be programmed to 
operate machines 

Computer operated machines have been 
in use for some time for highly specific 
purposes the autopilot that flies an air 
plane is one example. Recent advances 
have enabled the development of highly 
versatile computer controlled machines, or 
robots, that can take on some of the most 
routine or hazardous factory roles. Since 
many of those roles require more flexibility 
than previous forms of automation could 
address cost-effectively, the introduction of 
robotics was a logical step in the evolution 
of industrial technology 

While the justification for robot installa 
tion has usually been the labor cost sav 
ings. robots have generally been found to 
have such additional benefits as enhanced 
product quality, including greater uniformi 
ty of dimensions. The absolute reqularity 
of the robot's work rate permits a smooth 
ly flowing production line and the efficient 
operation of other machines. The robot's 
ability to work in environments optimal for 
the manufacturing process. even ones 
noxious to people. can also result in im 
proved product quality and efficiency. For 
example, robotics makes possible the ap 
plication of certain automobile paints now 
thought to present toxic hazards to hu 
mans. In addition, robotics results in a 
process advantage and a superior final 
product. 

The functions taken over by robots are 
often those in which repetitive consistency 
of performance is a major factor. Such 
tasks are ideal for a robot, which, in addi 
tion to consistency of performance, does not 
leave the work station idle at shift changes, 
take breaks, or suffer fatique. In jobs robots 
do especially well, the downtime required 
for repairs may not be significant when 
compared to employee absenteeism. 
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For a company to justify the commit 
ment of capital to conventional automatic 
machinery that can be used only for a 


particular purpose (hard automation). very 


high production rates and the assurance 
of long production runs are required. In 
addition. once the commitment to hard 
automation is made. the design of the 
product is of necessity locked in. and there 
is great reluctance to improve or change 
the product until the automated equip 
ment is fully amortized. Since most manu 
facturing processes do not meet those re- 
quirements, the majority are accomplished 
with considerable manual labor. 

In certain manufacturing processes. ro 
botics can fill the gap between the heavy 
commitments demanded by hard automa- 
tion and the relative inefficiency of manual 
labor. Robots can often perform specific 
manufacturing procedures with almost the 
same efficiency as specially designed equip 
ment. but without its inflexibility. If work on 
a product must be stopped. permanently 
or temporarily. a robot can be repro 
grammed and assigned to another func 
tion. Robots also can be adjusted relatively 
easily for changes in product design 

The market demands a great variety of 
models and sizes of many types of prod. 
ucts: consequently, approximately SO per 
cent of American manufacturing is done in 
batches too small to warrant specialized 
hard automation. That is especially true of 
the US. defense system. in which short 
and sporadic production runs result in 
high manufacturing costs and minimal in 
centives to industry to invest in production 
equipment. Examples also can be found in 
the civilian sector, where One major manu. 
facturer of fractional horsepower electric 
motors supplies the motors in 4.000 mod 
els. It is predicted that robotics will have a 
significant effect on the economics of 
small batch manufacture and may be a 
major determining factor in the availability 
of such items 

Some manufacturers and users of ro 
bots feel that robotic technology also will 
gradually make inroads into the province 
of hard automation. That would involve 
the assignment of sophisticated multipur- 
pose machines to a single function, but it 
is likely that this action will be increasingly 
economical as robu.. develop. Robots will 
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eventually be stock. off-the-shelfitems. and 
it may be that an automated operation can 
be put together more efficiently with them 
than with equipment requiring special 
order. When automation is accomplished 
with robotics, such startup expenses as 
design and debugging can be spread to a 
large extent over the hundreds or thou. 
sands of identical robots that eventually 
will be installed in many different firms. 
Also. changes made dunng production to 
improve the product or to accommodate 
market trends can be incorporated more 
readily into a system assembled with a 
flexible robotic component. The use of 
many similar robots allows considerable 
simplification in maintenance and_ the 
stocking of spare parts. At the final stage 
in the life of an automated manufacturing 
system, robots have the advantage of not 
becoming obsolete as rapidly as special 
purpose automated equipment. since they 
can be assigned new roles. In effect. robot 
ics permits the substitution of software for 
hardware in machine design. 

In assembly operations, the fitting to 
gether of completed individual parts to 
form frequently used subassemblies or to 
complete the product is done almost en 
tirely with manual labor. Such operations 
occupy a substantial fraction of the Na 
tion's manufacturing work force. although 
it should be kept in mind that manufactur 
ing only accounts for about 22 percent of 
all jobs in the United States and is declin 
ing steadily. A number of relatively simple 
assembly operations are now performed 
by robots. However, most assembly opera. 
tions. particularly the final assembly steps 
with large parts and considerable custom 
vation, do not easily lend themselves to 
automation. Nevertheless. robots will make 
gradual inroads into assembly operations. 
especially as rudimentary vision and tac 
tile sensing become commercially avail 
able. Since the potential for economic 
payoff is large. intensive efforts to intro 
duce robotics technology into assembly 
operations are under way. Those efforts, 
which are taking place in industrial and 
university laboratories, include the devel 
opment of both advanced robotics hard 
ware and sophisticated computer software 

Not surprisingly, today’s factories are 
designed with the capabilities of humans 
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in mind. A reorganization of factory 2nvi- 
ronments to accommodate robots will fa 
cilitate their adoption. For example. the 
finished parts that are now often dropped 
randomly into a bin could be placed on 
racks in a way that would preserve orienta 
tion and relative position throughout the 
manufacturing operations. That kind of 
reorganization would foster the introduc- 
tion of robots, and the introduction of 
robots would in turn foster greater chang 
es in the workplace. Modifying the factory 
to suit robots, of course. allows the em- 
ployment of less complex. less costly ro 
bots with less elaborate programming. 


The language of the robot is computer 
language. and eventually that fact will 
allow robots to communicate cc mveniently 
with the equipment of computer-aided de 
sign and computer aided manufacture 
(CAD CAM) in all stages of manufactur 
ing. CAD programming can contain the 
capabilities of particular robots and pro 
vide advice to designers on the compatibil 
ity of their ideas with those capabilities. In 
that way, CAD programming might pro 
vide the actual program for the robot, as it 
does for the numerically controlled ma 
chine. Then the CAD output would be in a 
form that could be directly translated into 
a program for CAM without the human 
intervention of blueprints and written spec 
fications. The robot can interact readily 
with the computers that monitor the over 
all manufacturing operation —to provide 
information on the number of parts proc 
essed at each station, for example. It is 
particuluarly important for the robot to 
interact in that way, since it is often the 
robot that links different machines and 
processes. As advanced computer lan 
guages become increasingly similar to 
normal conversation, robots will also be 
capable of interacting more naturally with 
} er ple 

Whike. some believe that the “unmanned 
factory. is the ultimate phase of robotic 
development. others feel that the most 
likely final stage is an environment shared 
by people and machines, with machines 
being predominant and used primarily to 
enhance worker capabilities. Examples of 
total automation already exist in the man 
ufacture of machine parts in the United 
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States. Europe, and Japan. For more 
labor-intensive manufacturing operations, 
however, the practicalities of a factory 
without workers are highly questionable. 
Nonetheless. Japan has recently reactivat- 
ed its futuristic, completely automated fac- 
tory system program. Valuable experience 
in large-scale automation coordination will 
no doubt be obtained from that program. 


Economic Aspects and 
Incentives for Robotics 
Adoption 


The United States has traditionally been at 
the forefront of technological innovation 
and development. However, during the 
1970s, that technological superionty became 
increasingly subject to challenge in several 
areas. American productivity faltered. un 
employment and inflation increased, and 
imports substantially displaced many Amen 
can manufactured products. To counter that 
competition, American manufacturers are 
automating production and frequently mov 
ing labor intensive jobs out of the country 
to sites where labor is cheaper and pro 
duction costs can be reduced substantially. 

It is thought that a significant aspect of 
America’s decline in industrial competi 
tiveness has been the slow pace of indus 
trial renewal and development. Machinery 
in US. factories is significantly older than 
that in the factories of most Western in 
dustrial nations. Introduction of the most 
modern machinery has been slow, and a 
relatively small number of robots is now 
used in United States industry. The number 
of industrial robots in use in Japan, for 
example. is substantially greater than in 
the United States. More specifically, Japan 
has several thousand robots in its automo 
bile industry. while only about 1.006 are in 
use in American automobile factories 

In the final analysis, the rate of adoption 
of robots in American factories will be 
determined by the competitively driven 
decisions of individual firms. A demon 


strated cost effectiveness of the machines. 


taking into account labor cost savings. 
product quality improvement, and flexibili 
ty to respond to fluctuating market de 
mands. will no doubt result in considerable 
pressure for rapid introduction 
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stantial pay increases now required for 
hazardous or unpleasant work will add 
incentive for the adoption of robots in 
such operations. 

Most analysts predict that the growth 
rate in robot production will be about 35 
percent annually for the rest of the de- 
cade. The United States produced about 
2.000 in 1980. and that figure is expected 
to increase to about 40,000 per year by 
1990. The growth rate will be even larger 
in selected industries. Currently. the largest 
American user of robots is General Mo- 
tors, which now has over 550 of the ma- 
chines and expects to be using 14.000 by 
1990 The robotics market in the United 
States in 1990 is predicted to be between 
$2 and $3 billion a year. That sum is 
actually relatively small, constituting only 
about 10 percent of the predicted invest- 
ment in ordinary automation equipment. 

As with the majority of technological 
innovations, the United States has led the 
way in the basic research, engineering, and 
pilot production of robots. However, fol 
lowing a pattern thei is becoming al! too 
common, other countries have picked up 
the technology and applied it effectively 
enough to develop a competitive advan 
tage. Today the United States robotics in 
dustry supplies most of the robots used in 
American factories, although we cannot be 
assured that this will continue. Japan's 
robot production capacity is already larger 
than is needed for that country’s domestic 
requirements. Moreover, Japan's greater 
rate of robot introduction could. give its 
manufacturers an advantage of economy 
of scale and expertise in the design of 
advanced models that may be hard for 
U.S. industry to overcome. There is good 
evidence that this has already happened in 
the numerically controlled machine tool 
market 

While top management's interest in and 
support of the introduction of robotics 
may be crucial for setting the atmosphere. 
the decisions are generally made at the 
plant manager level. That is the level at 
which responsibility for economically get 
ting the product on the shipping dock of a 
particular plant legitimately rests. In con 
trast with Japan, where decisions are tradi 
tionally made on the basis of long-term 
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corporate considerations. American man- 
agers at the plant level and. perhaps. on 
other levels as well tend to view a few 
vears as a long time. 

That general attitude may be partially 
responsible for the short payback time 
usually used in estimating the cost-effec 
tiveness of installing robots in U.S. plants. 
The primary reason for a given robot in- 
stallation is to perform a specific function 
in the manufacture of a product. Robots 
are thus considered a form of autometed 
equipment. The payback period typically 
used for evaluating such purchases is quite 
short because automated equipment is 
often made obsolete by manufacturing 
changes required by product modification. 
A much jonger payback period is used for 
more generally useful machine tools. Since 
robots, unlike hard automation systems. 
are not made obsolete by production 
changes. and since they relatively easily 
can be assigned other functions, a longer 
payback time seems appropnate. The 
problem is that while it is reasonably clear 
how.a lathe will be used 5 years after 
purchase. the specific function of a versa 
tile robot is uncertain. 

When robots are introduced into exist 
ing plants. considerable changes in plant 
layout may be required. Because such 
changes may be both extensive and ex 
pensive. resistance to robot introduction is 
common at several organizational levels. 
There may also be the problem of limited 
availability of engineers and techmeians 
with needed skills. Production with robots 
is more capital intensive than with manual 
labor, and it can be risky, since in times of 
slack demand for the product. the expense 
of owning the robots continues. Unlike 
workers, they cannot be laid off, although 
laying off workers is, of course, not without 
attendant human and financial costs 

A major new opportunity for companies 
and the economy at large created by ro 
botics and ancillary forms of automation 
will be the chanaing economics of small 
batch production. There will be less need 
fo inventory items that can be produced 
with litthe setup time. Manufacturers in 
creasingly will be able to resp md econom 
ically to fluctuating market demand and. 
therefore. will be more willing to produce 
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for small and highly differentiated markets. 

Production of small batches is frequent 
ly the forte of small companies. which may 
supply subassemblies to larger organizations 
or address the market directly. Thus. the 
effect of robotics on many small compa 
nies may actually be quite positive. It is 
certainly within the capabilities of small 
companies to acquire robots. By reducing 
the quantities at which automated small 
batch production becomes economical. 
robots also may alow sma!ler companies 
to conceive and tc develop new products 
or services or to address markets too small 
or too specialized for larger Companies. 
New small companies. of course, start out 
with new plants and escape the problems 
of modification and reorganization of anti 
quated factories in adapting to the new 
technology. Many small companies have a 
deserved reputation for flexibility and in 
novativeness, and frequently they will be 
able to avoid the institutional problems 
that will continue for some time to inhibit 
larger companies. It is noteworthy that. at 
present, the production and servicing of 
robots is done primarily by small companies. 


Employment and Jobs 


To some extent. the fears of labor con 
cerning the technological displacement 
that the introduction of robotics is likely to 
cause are due to the misperception that a 
one for one replacement of a person by a 
robot will occur. Within the next decade or 
so, a Major net replacement of people by 
robots in the work force surely will not 
occur. In fact. more jobs may be created 
than eliminated, as has been the case with 
other forms of automation. Studies have 
shown that employment increases have 
been greatest in those industries showing 
the most rapid growth in productivity and 
the most rapid rates of technological 
change. Generally, automation seems to 
lead to a shift from production to. such 
nonproduction jobs as those involving 
maintenance, engineering, programming. 
or planning. Factory modernization can 
create new jobs through the reduction of 
product prices, which increases demand 
and helps prevent jobs being moved out 
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side the United States to be done by 
cheaper labor. Nevertheless. some dis 
placement will surely occur. The likely ex 
tent of such displacement should be as 
sessed and its impact mitigated through 
retraining and more effective long term 
planning for the use of human resources 

Actually, it has been predicted that far 
more people will be displaced in the tradi 
tional way by increases in the deployment 
of specialized hard automation. The num 
bers are not easy to project. but the antici 
pated expenditure rate for robots in the 
next decade ts substantially less than one 
tenth of the total for all forms of automat 
ed equipment. Furthermore. studies of the 
nature of blue collar manufacturing jobs 
estimate that only one such job in seven is 
a possible candidate for robotization, and 
the fraction of people displaced may be far 
less. Displacement. it should be empha 
sved, does not necessarily mean unem 
ployment. which will surely be much less 

What then is the likely rate of worker 
displacement? The predicted high annual 
growth rate of 35 percent for the U.S. 
robotics industry means that the number 
of robots produced per year in 1990 
would be 40,000. At that time, the number 
of robots then in place would be about 
120,000. That total is only a tiny fraction 
of the US. blue collar work force. It is. of 
course, physically possible to deploy many 
more robots; however. the economic and 
institutional motivations currently are not 
present. Any displacement of workers by 
robots will be a gradual, evolutionary 
process 

Unemployment directly attributable to 
the introduction of new technology prom 
ises to be a major collective bargaining 
issue in the coming decade. By and large. 
labor and management are approaching 
the problems with sophistication and with 
the realization that it is far from a zero-sum 
game, in which one players gain is the 
There are modes in) which 
both advance. Labor largely accepts the 
need for productivity improvement and 
overall employment gains, but it will press 
for yob stability and ask for advance notice 
of significant changes. allowing for the 
opportunity to retrain workers whose tasks 
are discontinued by automation. Labor 
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perspectives will be incorporated in deci 
sions regarding automation. While some of 
labors demands are likely to meet resist 
ince trom management. employers recog 
nize the importance of Cooperation on this 
tnuhily sensitive issue 

Beyond improved productivity. societal 
benefits of robotics and automation are 
substantial A major benefit is enhance 
ment of the quality of jobs and the work 
place. Jobs taken over by robots are invar 
ably those at the bottom of any scale of 
desirability. Those dull. repetitive. and 
often hazardous jobs have largely been 
created by mechanization, and as society 
advances it is appropriate that they be 
taken over by machines 


Aging factories that become competi 
tively uneconomical are often closed. 
blighting the local community. In some 
labor intensive situations, robotics technol 
Cm will be able to reverse the economic 
equation by flexibly fitting in with existing 
facilities. In contrast. specialized automa 
tion usually would not be feasible or war 
rant use of the original plant 


There is a somewhat blind faith that 
allows our society to move ahead with 
machines that amplify the physical and 
intellectual output of workers. The faith is 
that those machines vill not deprive people 
of their livelihoods but will serve to stimu 
late the creation of new products and 
services, many of which will satisfy vet 
unrecognized needs. History provides sound 
justification for that faiuh. The most mod 
ern example, the computer, was and to 
some extent still is feared as a threat to 
employment. The ubiquitous presence of 
the computer in our daily lives indicates 
that emplovment has. in fact. been created 
by it. Thus, today the computer is largely 
accepted as a machine that helps people 
with complex or tedious tasks. So it will be 
with the computer-controlled versatile me 
chanical manipulators called robots 


Implications for 
Government Action 


Some other Western industrial countries 
have exceedingly detailed national indus 
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trial policies that specifically address the 
commercial development and deplo : 
of robotics. The United States. u s 
traditional hands off pohoy toware sov 
ermment involvement in private enterprise 
has been the world leader. and is still the 
leader, in most areas of technok gy Most 
of the actions now needed to promote 
industrial modernization and the devel 
opment and commercialization of robotics 
are those that will, in general, improve the 
economy. It is hoped that the expectation 
of a reasonable return will encourage 
needed investment, and an expanding 
economy should diminish fears of techno 


logical displacement 


The present program of tax cuts, in 
vestment tax credits, accelerated deprecia 
tion allowances, and new and innovative 
research and development partnerships 
should provide significant stimulus for in 
creased work in all phases of industrial 
modemization. Particularly encouraging is 
the new emphasis on university industry 
cooperation. Federal support of relevant 
basic research, the results of which are not 
likely to accrue commercial benefits to any 
individual investor or firm, or in which time 
horizons and risks exceed those appropn 
ate for industry, should continue and con 
stantly be reviewed. In addition, it is neces 
sary to find the most effective methods to 
transfer the knowledge gained from re 
search supported by Federal funds to 
commercial and defense industries 


A turther question has arisen’ Are Amer 
ican companies placed at a disadvantage 
with respect to their foreign competitors by 
excessive or unnecessary restrictions on 
the corporate sharing of fundamental re 
search and development programs and 
results? The implications and possible revi 
sions of antitrust legislation and requla 
tions should be reviewed continually 


Vocational education, and education in 
science and technology more generally, 
may benefit from greater interaction be 
tween educators and employers and from 
a consideration of the longterm implica 
tions of industrial modernization for young 
peopie and for those being retrained to 
enter the workforce. It is important to pre 
pare people for the jobs created by new 
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technology and not to train them for 
positions that will be rendered obsolete by 
modemization. 

Robotics shares most of the opportunities 
and potential problems of industrial mod 
emization as a whole. However, because 


0) 


of understandable public interest and con 
sequent media attention, robotics has 
been a highly visible component of that 
enterprise. Inevitabiy. special attention will 
be focused on government actions affect 
ing the growth of robotics 


Industrial Research, 
Development, and Innovation 


Abstract 


Recent trends, policies. and developments are expected to have an impact on industrial 
research. development. and innovation and implications for both the private and the 
public sectors. Recent initiatives in Federal tax structure. regulations. patent and antitrust 
guidelines, and technology transfer have been designed, in part. as incentives to stimulate 
industrial investments in research and development and to facilitate the removal of 
barriers to innovation. industry has also initiated cooperative R&D mechanisms (for 
example, industry consortia, university-industry arrangements) and taken other steps to 
respond to the technological challenge posed by foreign competition and the economic 
realities of the 1980s. 

It is still too early to judge the effect those initiatives will have. However. some industry 
experts and observers feel they will not be sufficient because current returns to particular 
firms on R&D investments often do not warrant taking long-term risks. Uncertainty about 
future economic conditions, high interest rates, and the diversion of a proportion of R&D 
funds to cope with Federal regulations are major disincentives to such risk taking. In 
addition, the urgency of foreign competition forces rapid technological change in the US. 
market and is an additional incentive for short-term R&D. 

The nation’s commitment to a free market economy has reduced Federal support for 
R&D. especially in applied research. development, and demonstration, traditionally areas 
leading toward commercial products. The exception is in areas where the Federal 
Government is the prime consumer of the output (for example. defense and space). 
Nevertheless, the support other governments give to R&D is often targeted to penetrate 
U.S. markets and presents a serious challenge to U.S. firms. 

Because the relationships between government policies and corporate decisionmaking. 
and between R&D investments and innovation. are complex, it is difficult to devise 
foolproof Federal policies for stimulating industrial R&D and innovation. Nevertheless. 
Federal policy areas that may directly affect industrial R&D and innovation include: 

© overall fiscal and monetary policy as it affects the predictability of economic trends 

and the cost of capital: 

® tax and other incentives to stimulate private returns on R&D and innovation. 

® support of research and advanced graduate work in training institutions for engineers 

and technical personnel, 

® government procurement criteria and practices: 

® foreign policy (for example. export controls on technology imposed to safequard 

national security. international collaboration in R&D. and technical aid to developing 
countnes) 

Given the extensive analyses that have been conducted, the present challenge to 
policymakers may be to achieve consistency and stability in policymaking and to consider 
proposed or existing initiatives to particular industrial sectors. Clearly, such an emphasis 
would require greater knowledge of and attention to the sectoral, industrial, regional, 
international, and institutional implications of government policies 
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Introduction 


The prosperity and security. as well as the 
intemational stature and competitiveness 
of the Nation, depend upon the steady 
growth of industrial productivity. Growth in 
industrial productivity requires the contin 
uous introduction of advanced concepts. 
processes. and technologies leading to 
new products, new processes. and whole 
new industries. 

Unfortunately, while innovations in some 
industrial sectors remain impressive. the 
overall rate of growth in U.S. industrial 
productivity is decreasing. In most other 
industrialized countries it is rising. One 
significant reason for the lag in innovation 
and productivity in some sectors of U.S. 
industry appears to be a less than ade- 
quate rate of investment by industry in 
longterm scientific research. The Federal 
involvement in the stimulation of industrial 
R&D has traditionally been based on three 
categories of Federal responsibilities: direct 
Federal needs (e.g. defense and space), 
specific national priorities (e.g.. nuclear 
development). and general economic and 
social needs (e.g.. where the social returns 
derived from R&D are high. but particular 
innovators do not benefit enough to in- 
duce an optimal level of innovation). 


While there is no doubt that technologi 
cal innovation must build upon the results 
of scientific research, we still lack the 
knowledge that would allow us to trace. 
with certainty. all the relationships in the 
complex process leading from fundamen 
tal research through technological devel 
opment to the production of marketable 
products. What is certain, however, is that 
industry, not government. has the neces 
sary experience and incentive to relate 
research and development programs to 
marketing strategies. Moreover, the activi 
ties that constitute industrial R&D and in- 
dustrial innovation are highly diverse and 
disaggregated. For these reasons. the most 
effective Federal actions to stimulate great. 
er long-term industrial investments in R&D 
are those that remove. where possible. 
potential barriers to such investment rather 
than those actions that intervene directly 
in the market 

Uncertainties about future Federal policies 
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on taxes. patents, antitrust interpretations, 
and regulatory requirements, as well as the 
high cost of capital and the general, pre- 
vailing economic environment. have been 
pnneipal bamers inhibiting long-term invest 
ments in industrial R&D. The President's 
Comprehensive Program for Economic 
Keutalization, by reducing the uncertainties 
and improving the overall economic en- 
vironment, should increase the willingness 
of the private sector to make necessary 
investments. The Economic Recovery Tax 
Act of 1981 contained R&D tax credits. 
accelerated depreciation schedules, and 
other incentives designed to stimulate in 
creased corporate investment in research. 
development. and innovation. It has been 
estimated that incentives under that act 
and other Administration actions will stim 
ulate an additional $3 billion in corporate 
R&D spending over the next 5 years. Ad- 
ditionally, the Administration supports 
pending patent reform legislation that as 
signs to private organizations the rights to 
patents developed under Federal R&D 
funding. It is thought that the patent re- 
form would remove a major disincentive 
to participation in important national R&D 
efforts by a broad array of highly skilled 
industrial scientists and engineers. 


The Administration has also focused 
sharply on regulatory reform as a means 
for encouraging greater industrial produc 
tivity. On February 17, 1981, the President 
issued an Executive Order calling for 
greater precision in assessing both the 
need for and the potential impacts of a 
broad class of Federal regulations. Subse. 
quently, a broad-gauged study under the 
auspices of the President's Task Force on 
Regulatory Relief (chaired by the Vice 
President) was initiated. An important step 
in rationalizing regulation will be to in 
crease the reliability of the scientific and 
technical information and the analytical 
methods on which estimates of environ 
mental, health. and safety regulations are 
based. One of the primary objectives of 
regulatory reform is to reduce the overall 
industrial burden of compliance with un 
necessary and often uncertain regulations. 
Equally important, it is hoped that the 
reforms will reduce the amount of R&D 
that has been targeted toward compliance 


activities and diverted from more produc 
tive innovations 

It is still too early to judge the impacts of 
those initiatives. Some industry experts 
and observers believe they will be benefi 
cial but probably insufficient. since returns 
to particular firms on R&D investments do 
not warrant taking long-term risks under 
present conditions. despite evidence of 
longterm private benefits. Other trends 
perceived as detrimental to U.S. innova 
tion include foreign governments’ aid to 
targeted industries, decline in the availabili 
ty of US. technical education, and increas 
ing scope and complexity of research. 
Each is discussed briefly below. 


Foreign Governments’ Aid to 
Targeted Industries 


Japan and some nations of Western Eu- 
rope (notably West Germany and France) 
have targeted specific technological prod 
uct areas for exports. The target industry 
strategy in Japan. for instance. means co 
ordinated Government support and indus 
trial efforts to develop specific product 
lines for world as well as national markets. 
Government supports have included ac 
cess to capital, government funding for 
basic and applied R&D. and favorable 
import export policies and financing. The 
basic commitment of the United States to 
a free market sustem precludes that type 
of planned nationwide industrial policy for 
the private sector. Industrial policy in the 
United States essentially has been reactive. 
responsive to firms or regions suffering 
from foreign competition (for example. the 
aircraft and automotive industries) 


Decline in Technical Education 
Capacity 


Disturbing signs that the Nation's engi 
neering and other technical training insti 
tutions are in decline include the loss of 
many professors to industry, especially in 
certain disciplines (for instance. engineer 
ing and computer science); a shortage of 
US. graduate students. particularly at the 
Ph. level. in technical disciplines (foreign 
students often make up half or more of 


the enrollments): and the obsolescence of 


lab ratory equipment Nc nw of thy SL trends 


alone may be critical, but taken together 
they signal a potential erosion in the 
knowledge base on which innovation is 
built and through which it must be imple 
mented. As the skills required to manage 
Innovation Grow more complex. the prob 
lems may become even more critical. 


Increasing Scope and Complexity 
of Research 


The US. science and technology estab 
lishment is still second to none. In the face 
of recent unfavorable trends in competi 
tion with other industrial nations for cer 
tain technological markets, however. some 
concern has been expressed that the Unit 
ed States is not allocating an adequate 
share of its Gross National Product to 
R&D and is allowing its lead in R&D over 
Japan and West Germany to narrow. In 
dustrial basic research in the United States 
declined during the 1970s, as measured in 
constant dollars. That deceleration in in 
vestment comes at a time when R&D is 
becoming increasingly sophisticated, com 
plex. and costly. Large capital investments 
are required for such R&D projects as the 
conversion of coal to liquid fuels. The 
training required for scientists, engineers. 
and technical personnel! has also expand 
ed. increasing the need for resources de 
voted to communication and manage 
ment. Given constrained budgets. there 
may be a continual shrinking of the R&D 
opportunities undertaken. 

Yet one should be cautious in attributing 
the lag in innovation to these three trends 
alone. since there are inherent uncertain 
ties in tracing the relationship between 
fundamental research and the development 
of commercial products. Given the long 
leadtime between research and its results 
or payotts and the imprecision and confi 
dentiality that surround commercial R&D, 
particularly expenditures by foreiqn firms 
and governments, the trends themselves 
are far from clea 


Policy Implications 
and Options 


Lhe relationship between Federal prortic V 
and industrial decisionmaking is influ 
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enced by a variety of factors. Thus, formu- 
lating a coherent set of Federal policies for 
stimulating US. R&D and innovation is 
highly problematic. As noted. the U.S. 
commitment to a free market system has 
generally kept the Federal Government 
from intervening in development or com- 
mercialization of R&D. except in areas 
where the Federal Government is the 
prime consumer (defense and space) or 
where a judgment of national priority is 
made (nuclear energy). Nevertheless. the 
support that other governments give R&D 
in specific industrial sectors challenges 
U.S. companies in those sectors as well as 
the Nation’s international competitiveness: 
it may therefore affect broader national 
interests. The Federal policy areas thought 
to have an influence on U.S. industrial 
R&D and innovation are discussed briefly 
below. 


Fiscal, Monetary, and Regulatory 
Controls 


Without hesitation. industrial managers 
cite uncertainty about fiscal, monetary. and 
regulatory policies as a leading deterrent 
to longterm investments in R&D. High 
interest rates discourage long-term R&D 
investments, particularly in those technol- 
ogies that are less understood and where 
payback rates and periods cannot be esti- 
mated reliably. The R&D conducted under 
such circumstances is likely to be conven 
tional and incremental rather than truly 
innovative. 

In environmental, health, and safety 
regulation, or even in more traditional 
forms of commercial regulation, the con 
cer is not so much the overall necessity 
for regulation as its unpredictability. Critics 
also claim that the regulatory process is 
often so cumbersome and arbitrary that it 
adds unnecessarily to the time and cost 
required to introduce a new product. 


Tax and Other Incentives 


Government incentives to stimulate inno 
vation have been justified on the grounds 
that there appears to be a high ratio of 
social to private return in R&D leading to 
the commercialization of inventions. Stud 
ies suggest that social or public benefits 
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may be twice as high as the retums real- 
ized by the innovator or company respon- 
sible for the innovation. Those findings 
have led to a search for options to in 
crease the “capturability” or “appropnabilitu” 
of benefits to the innovator. Among those 
options, some of which were implemented 
in the Economic Recovery Tax Act of 
LOS 1. are: 

(1) Providing a new 25 percent tax 
credit on R&D expenditures by industry, 
which is expected to encourage the trend 
toward even greater industrial expendi 
tures in R&D. 

(2) Allowing losses by R&D firms that 
cannot be used for tax credits to be trans 
ferred to profitable firms. as a way of 
increasing capital availability. 

(3) Extending the patent period up to 
25 vears and coupling it with a fixed dollar 
value. Another suggestion is to establish a 
single court in which patent disputes are 
settled. That would provide more expert 
and speedy adjudication of patent dis- 
putes. The value of patents. generally. has 
declined with the increasing pace of tech 
nological innovation. Patent policy re- 
mains a politically attractive option. how- 
ever, because of the clear Federal role and 
the ease with which changes can be 
implemented. 

(4) Relaxing antitrust guidelines. partic: 
ularly with respect to international ven. 
tures. Restrictions on U.S. companies are 
more severe than those imposed by the 
laws of other nations on their companies; 
that puts US. subsidiaries abroad at a 
disadvantage 

(5) Catalyzing cooperative research proj: 
ects. In areas where individual firms do 
not have sufficient incentive to begin such 
projects. the Federal Government can 
provide startup funds and matchmaking 
between associations. individual firms, and 
universities, such ventures should. howev- 
er, be forced to stand on their own merits, 
apart from Federal funds. within a reason 
ably short period 


Areas Calling for Federal 
Support of R&D 


Ihe Federal Government has encouraged 
innovation for national purposes since the 
founding of the Republic. Only in recent 


years. however, have Federal R&D pro 
grams systematically studied the process of 
Innovation and experimented with stimu 
lating. on a limited basis. basic and applied 
research specifically directed to innovation 
ny particular industries or industrial proc: 
Some of the arrangements and 
options for using Federal! R&D programs 
described 
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to stimulate innovation are 
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Further Studies on the Innovation 
Process. Although much has been writ- 
ten about the success of Japan. West 
Germany. and other industrial countries in 
focusing R&D to stimulate innovations. 
there is a need for analysis of specific 
mechanisms that might improve U.S. tech 
nology, process techniques. and product 
performance. particularly in response to 
foreign Competition. | 


Support of the Technology Infrastruc- 
ture. Support of the technology infra 
structure includes government R&D for 
development of generic technologies where 
industry has insufficient incentives to do 
the job. Such nonproprietary technologies 
as manufacturing processes, measurement 
methods and standards. properties of ma 
terials, and interface standards (between 
word processors and computers. for in 
stance) would be supported. Of particular 
concern are emerging technologies in 
manufacturing and distribution, involving 
applications of microelectronics and mi- 
croprocessors. Those technologies are 
changing so rapidly that market forces and 
voluntary coordination programs have a 
hard time responding efficiently. The result 
is failure to take full advantage of the 
opportunities available —opportunities be 
ing exploited by such countries as Japan. 
where central coordination of applications 
and standards has been in place for some 
time. Support for the technology infra 
structure can also include technology 
transfer and the granting of exclusive 
patents or licenses to those willing to 
commercialize technology developed with 
government funds. Other mechanisms in 
clude collaborative R&D, exchanges of 
scientific and technical personnel, and 
sharing unique Federal laboratories and 
facilities. 


Federal Procurement Policies 


While Government procurement of hard 
ware and technologies for its own use has 
led to some spinoffs that were commercial 
successes, several aspects of government 
procurement tend to discourage innova 
tion. Examples include excessive use of 
design standards in areas where technolo. 
gy changes rapidly and renegotiation 
policies that have had some negative ef 
fects on a number of innovative contrac 
tors by reducing profits earned as a result 
of efficient performance. 


International Interests 


Industries in the international arena have 
three main concerns: regulations (e.g. an 
titrust. Foreign Corrupt Practices Act) on 
U.S. subsidiaries abroad that are more re 
strictive than the laws applying to indige- 
nous firms; emphasis on foreign policy 
rather than commercial criteria in export 
financing: and general controls on the ex 
port of technology. Another concern is 
US. policy on data flows across national 
boundaries. This is of growing importance 
to the overseas markets of US. firms and 
of significance to the role of high technol 
ogy in the Nation’s balance of trade. It 
should be noted, however. that foreign 
governments have their own restrictive 
data flow policies. which impede the estab- 
lishment by multinational companies of 
data gathering operations over telecom 
munications networks. It is not yet clear 
what options would enhance the national 
interest here. 


Sectoral and Institutional 
Considerations 


Given the variety of old and new mecha 
nisms available to encourage R&D in pri 
vate industry, the challenges are to achieve 
consistency and. stability in) policymaking 
and to consider the targeting of options to 
particular industrial sectors. Meeting those 
challenges would require greater under 
standing of and attention to the sectoral 
and. institutional implications of govemment 
policy. Overall, the major consideration in 
deciding how much and what the Federal 
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Government should do is to ensure that 
government does not do what the private 
sector is better able to do for itself and, in 
so doing. distort market forces. The most 
appropriate role the Federal Government 
can play is one of leveraging. not brute 
fe ce. 

Although U.S. firms are facing competi- 
tion from national governments that pro 
vide strong backing to targeted industries. 
industry recognizes: that the U.S. govern. 
ment-business relationship is vastly differ 
ent. There has been much debate. for 
instance. on whether the United States 
should adopt industrial policies on a 
sector by-sector basis. Although that is a 
political decision, public and private opera- 
tions could be improved by more detailed 
analysis of the nature and duration of 
current and prospective competitive forces 
facing U.S. industry 

More precision is needed in choosing 
effective mechanisms to stimulate R&D 
that could vield innovations. That might 
mean, for instance, devising different in 
centives for small firms than for large 
firms. or for high-technology firms versus 
less R&D-intensive firms. If decisions are 
not made to pursue a conscious sectoral 
policy with the goal of spurring innovation. 
such other means as tax mechanisms and 
the auctioning of Federal R&D support to 
consortia that put up the most matching 
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funds should be considered as mecha 
nisms for targeting incentives. 

Perhaps the most difficult area for gov 
emment intervention is education of the 
Nation's scientific and technical profes 
sionals. To what extent academia, industry, 
and government have responsibilities for 
dealing with the resource constraints faced 
by our Nation's universities is a key ques- 
tion. For without trained people. whether 
in engineering or in foreign languages (to 
absorb the increased volume of R&D in 
formation generated abroad). the quality 
of R&D is bound to decline. and with it 
the pace of innovation. 


Conclusion 


This paper has outlined a number of areas 
of concern that involve government and 
the private sector in determining the level 
and nature of industrial support for R&D 
and technological innovation. The eco 
nomic vitality and international competi 
tiveness of the Nation depend on a strong. 
innovative industrial sector. It is the policy 
of the Administration to strengthen the 
industrial sector and to stimulate its inno 
vativeness, not through direct Federal sub 
sidies and intervention in corporate decision: 
making. but through the provision of incen 
tives and the elimination of disincentives. 


Contributions of Social Science 


to Innovation and Productivity“ 


Abstract 


The current debate on national productivity and innovation has largely ignored the con 
tributions of social science. This paper discusses three trends and developments: social 
science as a decision aid: social science as a source of social technology: and social sci- 
ence as a tool for understanding innovation and productivity. Despite the possibility of 
such contributions, there is little utilization of social science pertaining to productivity issues. 
Major inhibiting factors include the nonproprietary nature of social science, the disag- 
gregation of social science support, and the isolation of social science from decision- 
making. The continued deemphasis of social science is harmful for the Nation's knowl. 
edge base and for its efforts to achieve economic and technological revitalization. 


Introduction 


As the 1980s unfold. American industry will 
be confronted with a series of strategic deci- 
sions on how best to facilitate both economic 
revitalization and technological growth. In 
parallel, government at every level will be 
faced with policy and program choices on 
how to provide essential public services most 
effectively in the face of diminishing fiscal 
resources. While technological innovations 
will figure prominently in both areas of 
decisionmaking, it has also become increas: 
ingly clear that human, social. and institu 

tional factors will be particularly important in 
the innovation process. The process of cre 

ating and deploying new technologies is not 
merely mechanistic: it is inherently a social 
process that depends heavily on human actors 
as well as machines. Whether one is address 
ing the conduct and management of research. 
the dissemination and marketing of new tech- 
nical products, or the implementation of new 
manufacturing processes, social and organi: 
zational influences are involved. Social sci 

ence informs us about those influences. Simi 

larly. when goverment makes public invest 

ments or chooses among policy and pro 

gram options, the methodological and con 

ceptual knowledge base of the social sciences 
often provides essential information for use 
in the decisionmaking process. Thus, a major 
challenge. for both pubuc and private sec 

tors, will be the identification and implemen 


tation of mechanisms that can integrate the 
conceptual frameworks, findings, and meth- 
ods of social science research to maximize 
their utility in the decisionmaking process. 

An awareness of the connection between 
social science phenomena and economic 
and technological revitalization has been slow 
to evolve. One reason is that the relationship 
between national productivity and innova- 
tiveness has been studied at a rather global 
level. For example, consistent relationships 
have been found between indicators of in- 
vestments in R&D and indicators of eco- 
nomic vitality. Although there has been debate 
about the meaning and operational or func: 
tional definition of some of the key indica 
tors (for example, productivity). it is gener- 
ally agreed that technological innovation is a 
major component in the Nation's economic 
competitiveness and growth.! Similarly, the 
solutions proposed for economic revitaliza 
tion have focused almost exclusively on ac 
tions at the global or aggregate level. It is 
highly probable that changes in tax policy 
and regulatory mechanisms can affect inno 
vative activity. However. it is the thesis of this 
paper that a predominant emphasis on such 
l-ederal policy levers to the exclusion of other 
potentially important and influential sociai 
factors might mask influences that have been 


A revised version of this paper appears in the July 
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used effectively by our foreign competitors 
and that might play key roles in stimulating 
U.S. productivity and innovation. 

For decisionmakers to recognize on more 
than a superficial level that innovation is in 
fact a social process, they must have an 
awareness and an understanding of the con- 
tributions that a variety of social science dis- 
ciplines can make to the process. It is the 
purpose of this paper to cite a few of the 
many significant contributions of American 
social science, particularly those directly linked 
to innovation and productivity. In addition, 
various issues and options relevant to in- 
creasing the contributions of the social sci- 
ences to national innovativeness and pro- 
ductivity will be discussed. 


Trends and Developments 


Although the social sciences have a basic 
unity of purpose in their commitment to 
scientific inquiry, they do not represent a 
homogeneous set of knowledge or activi- 
ties. Several disciplines, many theoretical 
orientations, and a variety of methodologies 
come under the rubric of social science. Not 
all of them are relevant to the issues of 
innovation and productivity. particularly in 
the short run. For economy of presentation. 
this discussion will focus on three types of 
contributions of social science to innovation 
and productivity. They are: 
® social science as a decision aid, 
® social science as a source of social tech. 
nology, and 
@ social science as a tool for understand. 
ing innovation and productivity. 


Social Science as a Decision Aid 


While the methods and procedures of the 
physical sciences have evolved worldwide 
into generally agreed upon research princi 
ples, American social sciences have devel 
oped in directions often significa: 
ent from their European counterpars. ¢4n 
indirect consequence is that the United States 
has become a world leader in the social 
“sciences and a net exporter of social science 
knowledge. 

The distinctiveness and preeminence of 
American social sciences are due in part to 
their adherenc: to the norms and origins of 
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science as opposed to a preoccupation with 
social philosophy. In contrast to its devel- 
opment in other nations, American social 
science has to a large extent been pragmat- 
ic. quantitative, and heavily involved in the 
development and use of rigorous research 
methodologies. Even when the subject matter 
of a particular social science research proj- 
ect may seem obscure to the layperson, so- 
cietal benefits are often realized from the 
development of new methods that were em- 
ployed in the inquiry. That is. the methods of 
the social sciences have often evolved as a 
byproduct of substantive research conducted 
in each of the disciplines. The development 
of this methodological capability perhaps 
has benefited most from Federal research 
funds and, not coincidentally, the method. 
ological tools of the social sciences often 
have been adopted by government and 
industry. 

Among the array of social science tools 
available, those of particular importance to 
innovation and productivity have been vari 
ous decision aids, which private and public 
sector organizations often have used to help 
make major choices, including those involv- 
ing new or existing technology. The decision 
aids run the gamut from survey research to 
statistical techniques to sampling theory. A 
unifying characteristic is that the tools are 
“content free” and can be applied to a wide 
variety of substantive problems or questions. 
Taken together, they illustrate a fundamen- 
tal strength of basic and applied social sci- 
ence research: the ability to translate into 
scientific terms questions that in otiier times 
or places would be occasions for philosophical 
debates rather than empirical research. Some 
examples are described in the following 
paragraphs. 


Personnel Selection and Assessment. 
Reliable and valid tests and measurement 
techniques are decision aids directly result 
ing from social science research. The origins 
of the techniques are too numerous to list. 
but significant uses include the selection of 
Army officers in World War |. the personality 
testing performed in Veterans Administra. 
tion hospitals, and several decades of edu 
cation related achievement and ability test 
ing. In fact. large-scale use of standardized 
educational tests has contributed significantly 
to the public's concern about educational 


accountability and to more informed deci 
sions about the expenditure of public funds 
for education. For example. some States 
and school disticts have published summary 
results of testing programs so that parents 
can make direct compansons among schools 
and school dismcts and decide which schools 
might provide a better education for their 
children 


Personnel selection and assessment tech 
niques have also yielded undeniable eco- 
nomic benefits and contributions to produc 
tivity. For example. a recent study” indicated 
that widespread use of a valid test to select 
computer programmers can result in pro 
ductivity enhancement equivalent to hun 
dreds of millions of dollars. Moreover, if the 
use of appropriate tests were extended across 
the economy, the effect could be a substan. 
tial increase in the Gross National Product. 


Survey Research. Utilization of survey re- 
search methodology is a multimillion dollar 
activity in the American economy. Informa 
tion obtained through sampling and surveys 
is used by business to make crucial invest 
ment decisions, by government to predict 
future revenue and to learn about public 
attitudes toward policy alternatives, and by 
innovators to assess the market potential of 
new products and services. While survey 
methodology probably is used more today 
by profitmaking firms than by academic re 
searchers, only a small portion of the re 
search that led to the development of the 
methods was originally funded by the pri 
vate sector 


Program Evaluation Research. A set of 
methods known as program evaluation re 
search has been part  ilarly important in 
public sector innovation and productivity. 
The mtellectual origins of the methods stem 
from research design, social measurements, 
and statistics. Collectively. those social sci 
ence techniques have contributed a method 


by which more informed choices about the . 


design, implementation, and workability of 
many types of public programs can be made. 
Particularly noteworthy has been the under 
taking of controlled social experiments to 
test the relative effectiveness of major policy 
and program options implemented in the 
field. A prime example is the New Jersey 
guaranteed annual income experiment.’ in 


which program evaluation techniques were 
used to assess several social welfare initia 
tives in the late 1960s. A savings of millions 
of tax dollars was achieved by using the 
results of that research. Similar experimen 
tal studies have been conducted in such 
disparate areas as criminal justice. mental 
health. and education. with significant long 
term effects on policy.’ Evaluation research 
techniques also have been used in the pri 
vate sector for example. in the assessment of 
the assessing the relative merits of a number 
of marketing campaigns and executive de- 
velopment programs. 


Technology and Risk Assessment. A 
major problem with some technological proj 
ects has been the inability. or unwillingness, 
on the part of their creators to consider the 
long term risks and potential results of im 
plementing the fruits of their efforts. Some 
of the more unfortunate results of such short- 
sightedness are becoming quite evident. for 
example. in toxic and hazardous waste dis 
posal. In recent years. technology and risk 
assessment methods have evolved —largely 
from social science research—to help de- 
tennine the long-term effects of various tech 
nological choices.’ Such assessments are 
becoming increasingly important components 
of regulatory and other public policy debates. 
They have also affected public and private 
choices about investments in new techno 
logies. 


Human Factors Research. | !uman fac 
tors research is used extensively throughout 
the industrial sector in fields as diverse as 
aviation and power plant design. A great 
deal of work has gone into solving such 
problems as the design and placement of 
gauges and controls for maximum readabili- 
ty, interpretability, and efficiency of control— all 
cntical elements, particularly when many lives 
and millions of dollars in equipment depend 
upon rapid and accurate human judgment 
and performance.” In a recent example in 
volving the F 18 aircraft, the initial cockpit 
design prevented a high percentage of Navy 
pilots from reaching all the necessary con 
trols or perfonning other essential tasks. With 
human factors specialists involved in the re 
design, changes were made that may have 
saved the manufacturer millions of dollars 
and significantly improved the safety of the 
aircraft 
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Linear Programming and Econometrics. 
The tools of linear programming and econ 
ometrics have been a major asset to Ameri- 
can industry. Virtually ail iarge firms use linear 
programming models as part of inventory 
control procedures (to minimize inventory 
costs while providing a smooth flow of prod- 
ucts to customers), and they also use econo- 
metric analysis in making investment deci 
sions. For example. when deciding whether 
or not to construct a new plant or pump oil 
from a spot where operating costs are higher 
than for their existing wells. the firms use 
econometric techniques to estimate the future 
market prices and quantities for their prod. 
uct. That kind of analysis estimates profit 
under various future conditions. and. if the 
estimates are favorable. the firm invests. 


Despite such accomplishments as those 
just described, there are problems with both 
the further development of decision aids 
and their more effective deployment in the 
public and private sectors. Some of the most 
important research and policy issues con 
cern deployment, implementation. and full 
use of available aids. American social sci- 
ence, though clearly preeminent. still is not 
being exploited adequately. As noted, the 
decision tools often have evolved as a 
byproduct of social science research, not as 
its main objective. Much more could be done 
to sharpen their precision and utility. For 
example, the use of controlled social exper. 
iments to study complex social technical sys- 
tems in the field is still in the developing 
stages. To use this powerful methodological 
tool more effectively. we need to be able to 
better define and identify functional equiva- 
lents for “independent variables” (policy or 
program options) and to leam how to handle 
the major logistical issues involved in such 
studies. Similarly, the need for increased 
precision of measurement instruments, tests. 
and surveys will require considerable research 
effort in the future. 


Perhaps more crucial to the development 
and evolution of social science-derived de 
cision tools will be a modification of the 
current practice of rarely employing the meth: 
ods of the various disciplines in combination 
with one another. The result has been that 
for any given application, the methods used 
often reflect the disciplinary orientation of 
the investigator rather than the collective 
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methodological strengths of the social sci- 
ences or the information needs of the prob 
lem at hand. A redistribution of resources 
may be needed to facilitate the integration 
of the different methodological tools stem- 
ming from past social science research with 
tools to be developed in the future. 

Despite the wide array of decision aid 
methodologies available. their use in the public 
and pnvate sectors differs widely. At the same 
time that consumer and market research 
techniques are used routinely in industry. 
government and its contractors are often 
criticized for not employing human factors 
studies in the design of new technologies 
(for example. nuclear reactor control facili 
ties). Similarly. while there have been repeated 
attempts either to mandate or to encourage 
the use of program evaluation methods by 
State and local govemments, the actual adop 
tion of the most rigorous methods has been 
rather slow. 

Not only has the utilization of methods 
been an issue. but the use of information 
derived from such methods has also been 
problematical. For example, strategic planning 
in American industry increasingly has been 
attacked for its preoccupation with short-term 
gains as opposed to long-term technological 
change and economic growth. Yet much of 
the data that would be useful to informed 
corporate decisionmaking has been and con 
tinues to be available. Such data are simply 
not used as widely as they could be. In an 
analogous manner, government decision 
makers do not always use available evalua. 
tion and technology assessment data. That 
may be due in part to the fact that at the 
present time, there are few institutional struc. 
tures within government agencies to facili 
tate the use of such data, and there is no 
institutional structure that promotes the trens- 
fer of such knowledge across government 
agencies. The only exception is the National 
Technical Information Service (NTIS), which 
relies heavily on the dissemination of printed 
reports, perhaps not the most effective mode 
of knowledge transfer. Further contributions 
of social science methodological tools may 
be determined in part by the development 
of more effective structures and incentives 
for their use. Given the major private and 


public investments in innovation and pro 
ductivity, more informed decisi6nmaking that 


effectively uses relevant social science research 
may be warranted. 


Social Science as a Source of 
Social Technology 


Thus far. the discussion has focused on socia! 
science contnbutions to productivity that were 
largely “content free” in terms of the sub- 
stantive interests of the social sciences. This 
section addresses some past and current 
contributions to innovation and productivity 
that originated directly from the theoretical 
or applied substantive concerns of the social 
science disciplines. 

Again it should be emphasized that tech. 
nology inevitably involves human and physical 
components. By definition. technology is ap 
plied science or a method for handling a 
specific technical problem. The distinction 
between physical technology and social tech 
nology is more academic than real. The ques- 
tion of whether something is a technology 
should revolve around whether or not its 
origins lie in scientific research. Many social 
technologies are “hard” in that they were 
derived from rigorous research. even if they 
are not associated with machine or material 
systems. However, most social science con- 
tributions to technological progress have been 
largely of the “software” type. 

Physical technologies are often more easily 
described than social technologies. A piece 
of hardware that plugs in or is turned on is 
generally easier to explain than a complex 
social system. Despite that difficulty, con 
siderable advances have been made in cre 
ating and validating social technologies that 
have a firm grounding in scientific research. 
that can be replicated in many settings, and 
that achieve consistent positive effects. A 
number of innovative social technologies have 
made important contributions to productivity. 


Worker Participation and Decision- 
making. Nearly 35 years ago.” in a con 
trolled field experiment conducted by Amer 
ican social scientists. several groups of fac 
tory workers were given different degrees of 
opportunity to suggest changes in produc 
tion processes. The group with the highest 
worker participation in decisionmaking yielded 
the most effective implementation of changes 
in manufacturing technology and the most 
remarkable increases in productivity. The 
link between participative decisionmaking 
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and the acce tance of innovations in the 
workplace ha. been corroborated and elab- 
orated over the years in numerous social 
science studies. 

Paralleling those developments, American 
scientist W. Edward Deming was working 
with Japanese companies in the implemen- 
tation of another technology developed in 
the United States —statistically based quality 
control. That social technology involved train 
ing production workers in rudimentary re- 
search design and statistical techniques to 
enable them to monitor empirically and to 
become more involved in the production 
process. Those two concepts. participative 
decisionmaking and quality control, evolved 
into a unique Japanese social technology. 
quality contro! circles. The effect on Japan- 
ese quality control and productivity is gen- 
erally seen as considerable. For example. 
one researcher reports that employee sugq- 
gestions for incremental changes in the manu 
facturing process are approximately 10 times 
more frequent in Japanese companies than 
in equivalent Amencan firms, and they result in 
a much higher rate of implementation.” More- 
over, many American companies that recently 


have adopted quality control circles report 


productivity gains and cost savings of major 
proportions. It seems unfortunate that al- 
though the social technology onginated pri- 
marily in American social science. no institu- 
tional structure to promote its use by Ameri- 
can managers existed. 


Social science research on worker partici- 
pation has generated some social technolo. 
gies that have been implemented in the United 
States. A noteworthy example is the Scanlon 
system used by a few dozen U.S. companies. 
largely in the Midwest. Developed in the 
1940s by Joseph Scanlon of the Massachu 
setts Institute of Technology." the system 
had its intellectual origins in group dynam 
ics. The pivotal feature of the approach is a 
joint worker: management group that eval 
uates suggestions for innovations in manu 
facturing processes, product design, or other 
aspects of firm practice that may have an 
impact on performance. If suggestions are 
approved and implemented, any gains in 
productivity are passed on to employees in 
the form of bonuses. The system thus com 
bines aspects of participative decisionmaking 
and group financial incentives. Over the years, 
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the Scanlon companies have been leaders 
in productivity and innovation. 

Another instance of the application of 
participative concepts is that of the quality of 
work life (QWL) efforts in various compa- 
nies. General Motors (GM) and the United 
Auto Workers (UAW) have been leaders."' 
Aspects of the GM UAW program have in- 
cluded the involvement of workers in the 
design and implementation of new produc 
tion technology. the increased participation 
and decisionmaking by workers at all organ- 
izational levels. and a variety of labor- 
management collaborative structures. 


Reinforcement Theory and Operant 
Learning. A major line of research in psy- 
chology has focused on reinforcement theory 
and operant leaming. Since such work began 
in the 1930s, thousands of studies have been 
conducted in the hope of understanding 
how different reward contingencies influence 
both animal and human social behavior. Much 
of the work has been basic research, but in 
recent years the knowledge gained has been 
applied to the design of complex organizations 
and social systems. One air freight compa- 
ny. for example, has used behavior modifi. 
cation techniques to increase its utilization 
of productive capacity from 45 to 90 percent. 
with savings of more than $2 million over a 
3-year period.'” Another practical applica- 
tion of reinforcement theory has been the 
development of programs designed to help 
people stop smoking. reduce harmful alco 
hol consumption, and lose weight 
Chronic underemployment and unem- 
ployment are significant drains on national 
productivity. In the past, Federal agencies 
assigned to address the problem have 
achieved mixed success at best. Recently, a 
group of social scientists'’ developed a social 
technology called a “job finding club.” which 
involves teaching job location and retention 
skills to unemployed persons. The program's 
design rests largely on basic social science 
research in operant learning, modeling be 
havior, and the study of peer-to-peer social 
networks. The surprisingly low cost of placing 
trainees in pilot experiments was $167 per 
client. Moreover, participants were twice as 
likely to secure and retain employment as 
clients who were also in the study but were 
using traditional employment assistance pro 
grams. The Department of Labor is attempt 
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ing to disseminate the results of the study 


nationwide. 
As the previous discussion of social sci- 


ence decision aids suggested, a major prob 
lem in maximizing social technology's con 
tnibution to economic revitalization is utilization 
of results. The case of quality control circles 
exemplifies the iow domestic use of avail- 
able knowledge while. at the same time. 
Japanese use was extensive. Similarly. al- 
though the basic parameters of Scanlon sys- 
tems have been in the research literature for 
vears, the approach is neither well known 
nor widely used. In fact. it is uncommon for 
social technologies to achieve widespread 
utilization and adoption. The usual pattern 
is local or limited use. with a constant and 
often wasteful “reinvention of the wheel” in 
disparate settings. 

One reason for the limited use is the lack 
of institutionalized ways to identify exemplary 
social technologies. that is, those with a strong 
research base, demonstrable benefit. and 
replicable procedures. While the scientific 
journals of the social sciences perform that 
function tor researchers. it is difficult for rela 
tively untrained users of social science knowl 
edge and methods (managers in corpora 
tior.s or public agencies, for example) to 
make informed choices among useful social 
technology and social fads Some Federal 
Government agencies whose mandates in 
clude the development of social technolo 
gies have initiated screening functions to 
identify exemplary projects and programs. 
The Joint Dissemination Review Panel in 
the Department of Education is an exam 
ple! That program routinely sifts through 
hundreds of educational research projects 
and selects, on the basis of research quality 
and the magnitude of positive effects on 
children, a small group of projects for na 
tiommade dissemination. That institutionalized 
identification of exemplary social technolo 
gies is unique among Federal agencies. In 
virtually all other Federal agencies that sup 
port social science R&D. there is no attempt 
to sift through the aggregate product. Simi 
larly. in industry, only the most progressive 
companies have an organizational design 
unit to assess the potential applicability of 
social technologies. Future research should 
focus on the identification and quality con 
trol of social technologies so that potentially 
valuable tools are not lost 


One reason for the low rate of private 
sector use of social technok gies is that there 
are few positive incentives for industry to 
develop. market. or disseminate social tech 
nologies systematically on a national scale. 
The dissemination or marketing thai exists is 
usually done by a network of consulting finns 
or by not for profit institutions. An example 
of the latter is the American Productivity 
Center. which has been heavily involved in 
disseminating vanous productivity enhancing 
social and managerial technologies to pri 
vate industry 


In contrast to investments in hardware. it 
is often more difficult to realize private prof 
its from investments in social technologies 
The chemical composition or circuit design 
of a product can usually be protected by 
either patents or trade secret practices. and. 
thus. an individual firm can market it profit 
ably. That is not the case with social tech: 
nologies. Once piloted. the critical features 
of a social technology are usually available 
in the open scientific literature. Paradoxically. 
the nonproprietary nature of social techno! 
ogies suggests that they have the potential 
to raise the productivity of entire industries. 
not just one firm. That points to the need for 
the government to assume a broker role in 
facilitating the dissemination of social tech 
nologies. 

Despite the limited private sector activity 
in disseminating social technology. agencies 
of the Federal Government also have not 
seen fit to engage in major programs to 
facilitate the transfer of social technologies. 
particularly to private industry. Although some 
mission agencies may structure dissemina 
tion and transfer efforts to their particular 
clentele. those efforts have been limited and 
quite diffuse.'’ They have focused almost 
exclusively on hard technology. (As noted 
before, education is an exception.) 

Still another explanation for the paucity 
and underutilization of social technologies is 
a lack of appreciation for the length of time 
necessary for their development. The search 
for the quick technological fix. of either social 
or hardware technology. almost inevitably 
leads to disappointment. For the small number 
of well validated social technologies that have 
evolved, the R&D stage usuaily took 10 or 
more years.'” That period of “succession 
evaluation” in social technology development 


is similar to the R&D lags that exist in the 
phusical sciences. and it needs to be reflected in 
structures for the support and use of social 
science. For example, it suggests the neces 
sity for continuity and stability in research 
and development funding, a ranty in current 


practice 


Social Science as a Tool 
for Understanding Innovation 


and Productivity 


A thad major contribution of social science 
to innovation and productivity is a better 
understanding of the process of innovation 
itself. Although seldom acknowledged. vir 
tually all of the policy debate concerning 
national innovation and productivity is based 
on information derived from social science 
research. Studies concemed with innovation 
and productivity have come from many ac 
ademic disciplines and approaches. but the 
common underlying theme is that innova. 
tion is a social behavior. The major social 
science contributions to this understanding 
constitute a set of nonintuitive findings that 
have radically shifted the policy debate or 
changed institutional practices. 


Technology Transfer Process. Social sci 
ence research on the transfer dissemination of 
innovative technologies has recently altered 
our View of what “use” of a technology means. 
Heretofore, technologies were assumed to 
be either “adopted” or “nonadopted.” Now 
it has become clear that activities after initial 
adoption or purchase {ie.. implementation 
activities) have much more to do with whether 
an innovation is successfully used’ than 
preadoption activities do. The organization 
has to adapt to the technology. and the 
technology often has to be adapted to the 
organization. Those findings have relevance 
for the design of technology transfer pro 
grams and are particularly important in un 
derstanding the spread of highly complex 
technologies and those demanding mayor 
organizational and social alterations for their 
deployment. For example. in the next decade it 
is expected that billions of dollars will be 
invested in office automation. Yet the im 
plementation of office systems and their 
impact on work roles and job functions are 
little understood, despite the important role 
of white collar work in productivity crowth: 
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Likewise. the complexities of implementing 
new manufacturing systems are not well un 
derstood, despite the long-term nature of 
their deployment and the heavy capital in 
vestment involved. 


Firm Size. Social science research has de 
lineated the special role played by small firms in 
productimity growth. employment, and techno 
logical innovation.'~ While past changes in 
government policy and practice tended to 
treat all firms as equivaleni. regardless of 
size. that is no longer the case. Special legis 
lation and regulatory revisions have recog 
nized the pivotal role of small businesses 
and focused on increasing their opportunities. 


R&D Management. A large body of in 


formation on the management of the re 
search and development process has accumu 
lated in the past 20 years. The literature has 
commented on the composition of research 
teams, the organizational structure of research 
organizations, and the relationship of R&D 
to such functions as marketing. '* In some of 
the more innovative and productive Ameri 
can firms, that knowledge is used routinely 
to guide the research process. often with 
resultant increases in research productivity 


Productivity-Enhancing Technologies. 
Some social science activity concemed with 
the innovation process has focused on 
particular technologies that have consider 
able implications for national productivity 
For example. a major cause of economic 
stagnation has been recent large increases 
in the cost of fossil fuel. Social science re 
search has focused on ways of encouraging 
the rapid retrofitting of energy-saving heat 
ing, cooling, and building technologies.” Pre 
sumed market forces have not had the ex 
pected incentive effects, particularly among 
noncommercial users, and a more complete 
understanding of the lack of results may be 
gained by looking at social and institutional 
variables 

Despite progress to date, a number of 
research and policy questions remain. Many 
organizational and institutional factors that 
play key roles in the innovation process are 
not yet fully understood. For instance. while 
there is a need to better understand the 
spread of technologies. there is an even greater 
gap in the literature concerning a reciprocal! 
understanding of how obsolete practices and 
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technok dies Can be discarded more easily. 
li we could better understand that, perhaps 
the spread of new. more productive ap 
proaches would be enhanced 

The above comments illustrate yet another 
gap in our knowledge. As technologies 
become more complex and. at times, cause 
worker displacement and ancillary social dislo 
cation (as, for example. robotics and auto 
mation do}. implementation rather than adop 
tion becomes the crucial factor in their de 
ployment. We know little about alternative 
implementation strategies. whether pur 
sued by private industry or public agencies 
lo reiterate the conclusion of the discussion 
on decision aids, it might be useful to con 
struct social experiments to compare empit 
ically alternative approaches to implement 
ing major technological systems. Once again. 
ne single firm is likely to realize significant 
economic benefits from such a study or series 
of studies. but industry as a whole clearly 
would benefit. Mission agencies involved in 
technology transfer activities would also 
benefit 


Likewise. we need to understand more 
about the intervening role that such social 
technologies as quality control circles and 
gain sharing plans play in the implementa 
tion of hardware technologies. Do such social 
innovations merely yield changes in worker 
motivation or social communication, or do 
they also produce changes in tool use, pro 
duction systems, and product designs? Little 
empirical work is available as yet on this 
issue. Given the current burgeoning of 
organizational innovations in American in 
dustry. field studies are both possible and 
appropnate 


Not only could structures within organiza 
tions be examined, but it would also be useful 
to examine structures that straddle institu 
tions, particularly among institutions heavily 
involved in the innovation process. There is 
a prime need for qreater understanding of 
those universityindustry structures that en 
hance the transfer of basic and applied know! 
edge. The university is the primary source of 
most basic research in the United States 
Knowledge gained from that research is, in 
turn, often translated into new products and 
processes by American industry and into 
more effective service delivery by govern 
ment. Yet the transfer process needs con 
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siderable empinical elaboration. since the struc- 
tures. incentives. and government initiatives 
that enhance or retard university-industry 
knowledge transactions remain largely a 
mystery.’ 


Policy Perspectives 


Some of the most important pohcy issues 
pertaining to social science contributions to 
innovation and productivity have less to do 
with the level of support for social science 
research than with the structure and locus of 
that support. For example. while the produc- 
tivity benefits of social science research are 
demonstrable. it is often difficult if not im 
possible for those benefits to be the sole 
property of a single firm. Since it is more 
difficul for a firm to rationalize its invest 
ment in social technologies than in other 
technologies. normal market forces and man 
agement decision processes may not favor 
adequate private sector support. Similarly. 
while State and local governments make 
considerable use of decision aids and social! 
technologies. it is not clear that any single 
unit of government can justify. through cost 
savings alone. the R&D necessary for con 
tributions to the field. Unless clear incentives 
are established for pnvate industry and State 
and local governments to support social sci- 
ence. such support may not be forthcoming. 
The responsibilities for the support and 
conduct of social science research are scat 
tered across many Federal agencies, more 
than for any other scientific endeavor. That 
has both advantages and disadvantages. On 
one hand. it has produced a diversity of 
methods and substantive inquiry. which prob 
ably has strengthened the disciplines. There 
have also been unavoidable duplications of 
effort and a slower accumulation of findings 
generalizable across disciplines. Moreover, 
some distinction needs to be made between 
the social scence research that is necessarily 
agency specific or mission oriented and the 
research that addresses more general policy 
issues or initiatives. For example. technol 
ogy transfer and dissemination programs 
are scattered across dozens of agencies. Yet 
many of the issues involved in administering 
such programs involve generic social science 
questions. More coherent efforts to enhance 
collaboration among programs would hkely 
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increase the contributions of social science 
to Innovation and productivity. 

One of the most common mistakes of 
policymakers in considering social science 
contributions is a failure to recognize that 
good social science. like any other scientific 
inquiry. takes time. Some of the worst and 
most embarrassing uses of social science 
knowledge have occurred when researchers 
have been forced by impatient decisionmakers 
to conduct quick studies and shallow analy 
ses. To develop contributions of lasting worth. 
longitudinal research programs should be 
considered. Once again. changes in the struc 
ture and not the level of funding may be 
uwolved. A Clearer specification of goals or 
objectives to be pursued by social science 
over extended time periods might also be 
required. Social science could perform the 
“soft” science equivalent of a lunar landing. 
but it would need an objective of similar 
operational specificity. an equivalent time 
frame in which to operate. and a commen 
surate level of private or public support. 

With current efforts to convert categorical 
programs in vanous Federal agencies to block 
grants, attention should be given to what 
that conversion implies for the spread of 
social technologies and the use of decision 
aids and evaluation research. To what extent 
does the capability exist at the State and 
local level to develop and use data-based 
management and decision aids? If the de 
velopment and use of social technologies to 
address problems in education, crime con 
trol, or welfare are delegated entirely to State 
and local governments, how well will they 
perform? How will relevant information be 
disseminated to appropriate agencies else 
where? And. how can exemplary program 
models be identified for nationwide dissem 
ination? Clearly. a number of intergovern 
mental relationships with implications for 
nnovaton and productivity need to be better 
understood 

The legislative branch has been a leader 
m the use of decision aids and methodolo 
wes derived from social science research, 
particularly with the establishment of the 
Institute for Program Evaluation in the General 
Accounting Office. There has been some 
parallel activity in the executive branch. Several 
agencies have policy research or program 
evaluation units sufficiently staffed to enable 
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them to make methodologically ngorous stud- 
ies. But such units are often isolated from 
agency decisionmaking, and efforts are 
needed to enhance opportunities for the 
units to contribute to program choices. 

A major problem in the production and 
use of social science is the disaggregation of 
the process. In particular. there is no coordi- 
nated and institutionalized structure to engage 
in knowledge transfer. Usable outputs, both 
methods and findings. will continue to emerge 
from social science inquiry. However, given 
current structure and incentives. the Nation's 
use of social science and technology is likely 
to be constrained unnecessarily. 

In summary, the policy issues confronting 
the Nation about social science center on 
ho. to increase more effectively the contri 
butions that these disciplines can make to 
innovation and productivity. To the extent 
that other countries use our social science 
knowledge to gain economic advantages. 
policymakers should be concermed with the 
organization of domestic resources and the 
potential for an unfavorable balance of intel- 
lectual exchange. Support for the social sci- 
ences has accounted for a very small portion 
of U.S. R&D spending over the years. How- 
ever, the experiences of Japan and various 
domestic firms serve as examples that in- 
vestments in social science may produce 
more immediate gains in innovation and 
productivity than equivalent investments in 
the physical sciences. Thus, the most impor- 
tant policy issues concem the structure, locus. 
and nature of social science activity. A strong 
case has been made for considering options 
that might enhance the utilization of social 
science. Both its methodologies and its sub- 
stantive results have proved their ability to 
increase national productivity and innova 
tion, and they have the potential for even 
greater future contributions 
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Obsolescence of Scientific 
Instrumentation in Research Universities 


Abstract 


The growing obsolescence of instrumentation and facilities in the Nation’s research 
universities is impeding the progress of fundamental research and could also have serious 
negative consequences in such areas of application as agriculture. biotechnology. medi 
cine, energy. and national security. Additionally. it hinders the training of scientists, 
engineers, and technicians and impedes the rate of innovation by the commercial 
instrumentation industry. While the Federal Government will continue to offer direct 
support for instrumentation purchase through research grants to universities. industry and 
the universities themselves will have to assume a larger measure of responsibility than 
they have in the past for resolving the obsolescence problem. 

Partial remedy could be achieved by the creation of research partnerships between 
industry and universities through which equipment and facilities could be shared. Another 
mechanism is the direct donation of instruments to universities. In both cases. the Federal! 
Government can provide incentives (e.g.. through the provision of tax credits) and thereby 
function in a leveraging role. Also imperative to an amelioration of the instrumentation 
obsolescence problem will be the improvement of university management techniques and 
a greater sharing of equipment within and among universities. Some universities are 
currently exploring such new modes of obtaining research instrumentation such as debi 
financing and limited partnerships. 


The Magnitude new fields of scientific inquiry and can 
of the Problem greatly reduce the time necessary to carry 
out research projects. In the 1970s. for 
example, the development of the nuclear 


Instrumentation and Research ' | 
magnetic resonance (NMR) spectrometer 


The growing obsolescence of research in and infrared spectrometers opened new 
strumentation in the Nation's universities is areas of research in structural science 
a problem not just for the universities They allowed scientists to define the struc 
themselves. but for the nation as a whole. ture of matter with a resolution never be- 
lo the extent that such obsolescence im. fore achieved. Further, the use of sophisti 
pedes the progress of fundamental re cated minicomputers in conjunction with 
search at the university, its effects will be NMR now allows scientists to make meas 
felt in such areas of application as agricul- urements of molecular structure in 4 
ture, medicine, biotechnology. engineer minutes that required 16 hours in the 
ing, energy, industrial productivity, and na- early 1970s, and previous to that time 
tional defense. Since over half the basic — such measurements could only be approx 
research performed in the United States is imated” Access to advanced scientific in 
carried out at universities, a decline in strumentation often determines whether 
university research potential could result in scientists can produce ground-breaking 
a significant decline in the general rate of results. 
the Nation's scientific advancement.’ There is concern among leaders of the 
Instrumentation is at the heart of exper scientific community that instrumentation 


imental research. Modern instruments with in the cost range of $100,000 to $1 million 
qualitatively superior capacities for analysis at U.S. research universities is rapidly be 
and measurement can open up whole — coming obsolete. As a result of increasing 


meeenm ee mee 


BES: bs ye ; “« gs JPabraveeé. 49 


costs and decreasing sources of funds. 
those instruments will be difficult to re. 
place through traditional mechanisms with 
the state-of-the art equipment necessary to 
ensure the progress of scientific research 
and fulfill national needs. Because of the 
diversity of the problems associated with 
obsolescence and the different ages at 
which vanous instruments become obsolete. 
it is difficult to derive quantitative meas 
ures for assessing the severity of the prob- 
lem. A number of studies. however, sug 
gest that its magnitude is substantial 


Costs of Instrumentation 


A 1979 Department of Health, Education. 
and Welfare (HEW) survey ci nine univer 
sities concluded that there was an unmet 
need for instruments and facilities of $225 
million. It also indicated that such unmet 
needs will persist over the next 3 to 5 
vears.’ A National Science Foundation 
(NSF) study projects a catchup need of 
about $420 million for the next 5 years in 
the phusical sciences alone.‘ A 1979 paper 
in Science showed that instrument costs 
have increased fourfold since 1970. That 
calculation did not even take into account 
the new technologies that have come into 
general use since 1970. nor the fact that 
the most up to-date research equipment 
has an estimated lifetime of only 3 to 8 
Yea’4s 

One recent study matched univer.ity re 
search laboratories in a number of disci 
plines with nonuniversity laboratories.’ 
That study found that. for the sample se 
lected, the median age of university in 
strumentation was twice that of instrumen 
tation at industrial laboratories recognized 
for the quality of their research. A disturb 
ing corollary cited by the same study sug 
gested that American universities are now 
becoming less well equipped than those in 
other countries. When asked to identify 
the best equipped laboratories in their 
fields. many researchers interviewed in the 
study listed facilities located abroad, partic 
ularly in Japan and Western Europe. For 
example, as of mid 1981, not a_ single 
top of the line “super computer” was in 
service at a US. university, even though 
such models are located at foreign univer 
sities as well as in government and indus 


50 


Bate | 


se] ? 


trial laboratories in the United States and 
abroad. 

Two factors appear to be responsible for 
the magnitude of the instrumentation 
problem: a rapid rise. well above the infla 
tionary baseline, in the cost of the most 
advanced instrumentation, due mainly to 
the increasing sophistication of instru 
ments required to do frontier or pioneering 
research: and the dwindling funds avail 
able for instrumentation at both local and 
Federal levels. 

A study of instrumentation needs of re 
search universities recently documented 
the increase in startup costs for frontier 
research in synthetic chemistry. Between 
1970 and 1979 the costs rose at the 
equivalent of an annual rate of 22 percent 
for laboratory instruments and 23 percent 
for departmental instruments. The same 
study, analyzing five important. scientific 
disciplines. revealed that the cost of scien 
tific instruments priced above $5,000 rose 
at an annual rate of 20 percent for the 
years from 1970 through 1978 > For ex 
ample. the cost of a flow cytometer, an 
instrument with which scientists may con 
duct precise analyses of the chemical con 
stituents of individual cells. approaches 
$175,000" Multinuclear, high-field NMR 
spectrometers now cost up to $500,000 
Furthermore, the ability to engage in fron 
tier research requires not just individual 
instruments. but clusters of expensive 
instruments 


The costs of providing up-to-date re 
search instruments go far beyond the price 
of the equipment itself. Several factors are 
involved 

(1) Once an instrument is purchased, 
additional funds are needed for its opera 
tion and maintenance. At a recent Univer 
sity Laboratory Managers Association meet 
ing.on October 23-24, 1981." there was 
general agreement that the costs of equip 
ment ownership run about 7 to 8 percent 
of the new cost per vear. Those costs 
include maintenance, replacement paris, 
staff salaries. and equipment operation. 
bunds for those expenses are only infre 
quently included in Federal grant awards, 
since the funding source generally expects 
that the university will provide the needed 
maintenance. A study conducted in 1980 


reported that maintenance funding in uni- 
versities had become scarce, that shops for 
in house maintenance were deteriorating, 
and that the costs of service contracts were 
increasing above the inilationary baseline.!' 

(2) As equipment becomes more com. 
plex and computerized. its operation, 
maintenance, and repairs may be beyond 
the abilities of researchers and students. 
When repairs cannot be made quickly be 
cause of a lack of available funds. essential 
equipment may be unusable for substan- 
tial periods. and valuable research time 
may thus be lost. 

(3) Federal grants rarely provide for 
such support equipment as oscilloscopes 
and vacuum leak detectors. equipment 
not necessarily direct!y involved in the re- 
search itself but necessary to test. calibrate. 
or provide an appropriate environment for 
the core research instruments. Without up 
to date support equipment. research in 
strumentation may be far less useful. 

(4) Finally. research universities must 
find funds to provide adequate facilities for 
the housing and support of instrumenta 
tion. Since the 1960s. Federal resources 
for the construction of facilities have been 
declining. placing ain ever increasing strain 
on institutional funds. Surveys by NSF 
show that Federal obligations to universi 
tes for their R&D plants dropped from 
S100 million to $30 million during recent 
years. The universities themselves have 
thus far been unable to fill the gap. despite 
the evident need to renovate and create 
new facilities.’ Instrument housing costs 
include the construction of buildings or 
new wings, construction of animal facilities. 
renovation of plumbing and electrical sys 
terns. and installation of air-cooling units 
for facilites that use sensitive computers 
Sone of the costs arise from the need to 
renovate existing facilities to accommodate 
more sophisticated instrumentation, others 
become necessary because of changes mn 
the legal or requlatory requirements for 
research housing 


All of the difficulties outlined above are 
compounded by increases in costs brought 
about by inflation. Thus. in a very real 
sense, the plight of the universities in cop 
ing with escalating instrumentation costs is 
tied to the health of the Nation's economy 


Effects on Training 

Apart from the problems in state-of-the art 
instrumentation for research and doctoral! 
level training. the quality of instrumenta 
tion for training engineers and technolo 
gists is also deteriorating.’ This is especial 
ly critical for students who will eventually 
be employed in industry. If those students 
are not conversant with up-to-date equip 
ment, costly retraining may be necessary 
once they are employed outside the 
university, 


Effects on Industrial Innovation 


University researchers play important roles 
in the development of new scientific in 
strumentation. Researchers often provide 
the specifications for special features to 
manufacturers. or they modify instrumen 
tation altogether. The electron microscope 
was first developed by a beginning gradu 
ate student, and its development was con 
tinued for many years by university re 
searchers. That ongoing process of devel 
opment and modification at the university 
level eventually resulted in a powerful tool 
for the investigation of molecular structure 
A recent study of 111 improvements in 
basic scientific instruments used in chemi 
cal and biological research reported that of 
the 44 innovations later incorporated suc 
cesstully into commercial products. 81 
percent had been initiated by instrument 
users rather than by instrument manufac 
turers.|' Of the users who contributed in 
novations. 72 percent were employed by 
universities or affiliated research insiiu 
tions rather than by private manufacturing 
firms or other organizations 


However, new instrument improvements 
and developments may be impeded if uni 
versities cannot afford to purchase the 
most advanced equipment, and the in 
strument industry itself may be adversely 
affected by the declining purchasing power 
of universities. Industry statistics indicate 
that from 1976 to TYSO, sales of instru 
ments shifted away from the educational 
market In 1976. 18 percent of instru 
ments sold went to educational users. by 
the third quarter of LYST] the figure had 
declined to LL percent!’ One of the major 
manufacturers of hiah field NMR equip 


ment reported recently that it had not had 
a new instrument order for a year." The 
amount spent on instrumentation by uni 
versities has not kept up with inflation 
That has resulted in manufacturers shifting 
ther production away from the kind of 
state of the-art equipment required for re 
search and likely to be refined by universi 
ty users toward more routine instruments 
Ihe most advanced instruments then be 
come even more expensive as fewer units 
are produced 

Instrument manufacturers have always 
participated in the production of frontier 
equipment with littke commercia! prospect 
in order to maintain their ties with aca 
demic scientists and stay at the forefront of 
their felds. As capital becomes less fluid 
and as universities become a smaller share 
of their market. manufacturers may be less 
likely to continue that important interac 
tion. Consequently, already expensive hand 
made prototypes will no doubt become 
even more expensive. In addition, the 
transfer of new ideas from state-of-the art 
equipment to general product lines will be 
slowed, and U.S. manufacturers may lose 
their international competitive edge. 


Impact on Innovation Cycles 


Universities have played a major role in 
the industrial innovation cycle for instru 
mentation. University personne! have joined 
with other entrepreneurs to form spinoff 
companies that carry innovative instru 
mentation developed at universities to 
commercial development. Often those 
companies are absorbed into larger in 
strument companies. Spinoff firms played 
major roles in the development of such 
modern instrumenis as the computerized 
axial tomography (CAT) scanner, a variety 
of other medical diagnostic instruments. 
and computer graphics devices. If universi 
ties are forced by dwindling resources to 
drop out of the innovation cycle. one 
means of getting needed innovations rap 
idly into the marketplace may be lost. 


Potential Responses 


The magnitude of the problem of scientific 
instrumentation obsolescence and the 
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potentially negative effects the problem 
can have on such national obiectives as 
economic revitalization and productivity 
make it of special concem for the Federal 
Gsovernment. That does not imply. howev 
er. that the Federal Government can or 
should attempt to remedy the problem on 
its own. It is also important to examine 
what the corporate sector and the universi 
ties themselves. possibly in partnership 
with the Federal Government. can do to 
help. 


Corporate Funding of 
Research Instrumentation 


Corporations and research universities 
find themselves beneficially interrelated in 
many ways. Corporations need the trained 
engineers and scientists that universities 
produce and make use of the advanced 
techniques that university researchers de 
velop. Universities need the support and 
input of corporations in pursuing their re 
search and training functions 

A major study of the entire array of 
current university-industry interactions in 
dicates that despite differing motives. close 
working relationships can and do develop 
to the advantage of both parties.’ One 
example among many is that of Purdue 
University. which has recently established 
research relationships with several corpo 
rations through its “People Exchange Pro 
gram. '~ The arrangements allow universi 
ty and industry scientists to work together 
on projects of joint interest and to learn 
each others techniques while sharing so 
phisticated equipment. 

Research relationships between universi 
ties and industrial firms are of obvious 
benefit to both parties. They often result in 
an increase in direct financial support for 
university research, which can be used to 
purchase advanced equipment. Corpora: 
tions may also assist universities through 
the denation or sharing of equipment and 
through financial assistance to special 
funds set up for the purchase of advanced 
equipment. One such fund has been es 
tablished at Colorado State University." 

There are, however, limitations on the 
extent and character of university industry 
research relationships. On the industrial 
side, it is mainly the high-technology in 


dustnes and agriculture that view academ 


ic science and technology as a prime 
source of personne! or fundamental ideas. 
Even in those industnes it is usually only 
the large corporations, themselves en 
gaged in fundamental research as well as 
product development, that contnbute sig 
nificantly to the financing of university re 
search efforts. Furthermore. such contribu 
tions fluctuate with the fluidity of capital 
and the timespan of corporate planning. 
Currently, for most American corpora 
tions. capital is tight. and planning win 
dows are short term 

Although precise figures are extremely 
difficult to collect. the current. proportion 
of university research funded by industry is 
estimated at 5 percent or less. The most 
liberal estimates of future industrial fund 
ing of universities place that proportion at 
under 10 percent-"*! Furthermore. most 
corporations tend to contribute mainiy to 
research in areas of direct immediate in 
terest to themselves. Therefore research 
funding. including support for instrumen 
tation. available from corporate sources is 
skewed toward engineering schools and 
those scientific subdisciplines likely to have 
the most immediate impact on product 
development. That leaves large segments 
of university research relatively unaided by 
industry 


Federal Leveraging of 
Corporate Funding 


While the relationships between universi 
tivs and corporations are voluntary in na- 
ture. the Federal Government can influ 
ence the conditions under which such 
linkages develop. Federal leveraging to in 
crease the advantage to corporations of 
providing assistance to research universi 
ties is consistent with the Administration's 
objectives of revitalizing industry and en 
hancing the potential for scientific research 
to stimulate industrial progress through 
innovation and discovery. Among the 
mechanisms available are tax incentives or 
other kinds of indirect intervention, direct 
grant awards to university industry partner 
ships. programs of support and encour 
agement focused on specific industries, 
and premarket support of innovative in 
strumentation development seen as essen 


tial to longterm national goals. Some of 
those mechanisms are described below 


Tax Incentives. |)roviding tax incentives 
for the support of research is one method 
by which the Federal Goverment may 
make corporate support of research efforts 
more attractive. Legislation recently passed 
by Congress provides for a Z5-percent tax 
credit for incremental R&D expenditures. 
allows industries to allocate domestic R&D 
expenses to domestic income, and extends 
tax benefits for the donation of certain 
kinds of equipment to unrversities for re 
search. While those measures are a step in 
the night direction, the magnitude of that 
step can not yet be determined. The lan 
quage of the legislation is sufficiently am 
higuous to necessitate interpretation by the 
courts in many areas. For example. com 
panies that lease equipment to nonprofit in 
stitutions may not qualify for tax credits.” 
In a recent New York Times article, 
Arthur Bueche, the late semor vice presi 
dent tor corporate technology at the Gen 
eral Electnc Company. is quoted as saying 
that the legislation “biases the system in 
the right way. but | don't expect it to have 
a major stiniulaiive effect ~* Estimates by 
General Electric's tax accounting and 
technology staff put the savings to the 
company generated by the 25 percent tax 
credit at about 2 percent of the company’s 
annual research budget. The same article 
quotes congressional estimates as showing 
the savings to industry from the tax bene 
fits for equipment donations as being “less 
than $5 million annually.” While the 
equipment donation provision would seem 
to have a more direct effect on equipment 
obsolescence, in the past most equipment 
donations have been primarily of interme 
diate training grade rather than state-of 
the art research equipment. Mechanisms 
ty encourage the donation of the most 
sophisticated equipment are still needed 
The impact of different tax provisions 
on innovation and investment in research 
was discussed recently at an NSF sponsored 
colloquium on tax policy and innovation.“ 
The general conclusion of one study pre 
sented at the colloquium is that while tax 
incentives may have a positive effect on 
the level of innovation,.the size of the 
effect cannot as yet be determined.” Fur 
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thermore. the study contends that tax in 
centives may well be ineffective when the 
macroeconomic climate is negative. The 
current economic situation may well de 
termine the extent to which the recent tax 
provisions will affect corporate R&D ex 
penditures during coming months. 

There is an additional important aspect 
of the university industry relationship with 
regard to research funding. Corporate be 
havior is necessarily influenced by eco 
nomic fluctuations. Corporate allotments 
for research usually fluctuate accordingly 
Yet productive research requires consist 
ent. reliable sources of funds, particularly 
for equipment and maintenance. Mecha 
nisms need to be found to prevent re 
seaich efforts dependent upon university 
industry linkages from being put into limbo 
during slow periods in the business cycle 


Direct Grant Support. [here is a long 
Lederal history of direct grant awards to 
university industry partnerships. Examples 
mclude the current NSF University Industry 
Cooperative Program and the former De 
partment of Defense DARPA Cooperative 
Program.” There has been enough expe 
nence with such general support to univer 
sity ndustz’ relations that important gen 
eralities about success and failure can be 
drawn, Successes have been notable in 
such areas as Composite materials, polymer 
chemistry. and catalysts. Failures have 
been the result of many factors. including 
the lack of a single individual capable of 
seeing the project to truition and inade 
quate analysis of the ability of the indus 
trys market structure to assimilate techni 
cal advances. Such Federal project support. 
it should be noted, does not deal directly 
with the imstrumentation problem. although 
it can indirectly improve the situation 


The University Role 


University efforts to alleviate the problem 
have centered on improved management 
of available resources. Recently, two new 
methods of innovative financing have 
been tned as partial solutions to the prob 
lems of funding research instrumentation 
Those new methods —debt financing with 
user charges and limited partnerships 

have had some success. but also have 
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their limitations. They should be viewed as 
parts of a more complex university effort 
to solve the instrumentation problem. 
rather than as complete solutions in 
themselves 


Debt Financing and User Charges. 
Universities have traditionally been wary of 
resorting to debt as a means of financing 
thei activities. However, the expenence of 
Colorado Stare University in using tax 
exempt debt finance to purchase top of 
the line computers, electron microscopes. 
and other equipment that would not have 
been available othenvise seems to demon 
Strate some possible advantages to that 
tupe of financing.” Debt financing may be 
done thir uudh the sale of such tax exempt 
instruments as revenue bonds. through 
municipal leases. and through revolving 
lines of credit. It mav also be accomplished 
directly by the interested research group. 
or, as in the case of Colorado State Uni 
versity, through an affiliated research found 
ation or other such organization that as 
sists in the purchase. or actually makes it 
outnalst. and then leases the equipment to 
the university. Generally the equipment 
itself serves as the security. The debt is 
retired through user charges. Equipment 
acquired in that manner is made available 
to a number of users, rather than to only 
one, as is often the case with the grant 
purchase system. Sharing through user 
charges can result in inproved equipment 
utilization, assuming Federal agencies in 
clude such charges as allowable costs in 
resvarch grants. Unfortunately. relatively 
few universities have affiliated institutions 
with the resources to make such purchases 
One iarge advantage of debt financing is 
that it allows for more immediate acquisi 
hon of instruments. Research time and 
opportunities are not lost while research 
ers look for matching funds to cover the 
entire purchase price of costly instruments 
Iny addition, the extra costs created by infla 
Hhonary price increases are saved if re 
searchers are able to buy sooner rather 
than later Tlowever, the advantages of 
beng able to start sooner on research 
projets may be offset by the disadvantaa 
es of having to repay the debt through 
user charges. Researchers may find that to 
generate enough user charges to repay 


the debt they must allocate a large amount 
of instrument time to other users, which 
may jeopardize their own research efforts. 
Pherefore. to allow researchers to have the 
full benefit of instruments acquired in such 
a manner, it is necessary to keep the 
pavback period short so that researchers 
will have full access to their instruments as 
soon as possible 

One final caution regarding debt financ 
ing is that universities can become locked 
into debt-financed projects and later be 
unable to commit funds to new frontier 
research. Administrators may feel obligated 
te support projects that are debt financed. 
rather then basing their decisions solely on 
research merit 


Limited Partnerships. |i:mited partner 
ships to finance high technology R&D also 
have been used recently to help provide 
funds for university research. This form of 
financing has become more attractive be 
cause of recent changes in the law that 
provide tax advantages for such arrange 
ments. ~ Typically. under such arrange 
ments the university and private investors 
join forces to provide equipment and ex 
penditure funds for research projects. the 
university becomes a general partner. and 
the investors are limited partners. Limited 
partners are allowed tax deductions on 
costs up to the amount invested. Should 
the project show a profit. limited partners 
vam a percentage of that profit and pay 
capital gains taxes on that amount 

(viously. limited partnerships are more 
attractive in. scientific areas that promise 
quick. high returns on investment, for ex 
ample, biotechnology. They are somewhat 
less suitable as vehicles through which 
most basic research, where payoffs can be 
diffuse and are not generally immediate. 
may be funded 

These methods of innovative financing 
provide some means of alleviating the 
problem of equipment obsolescence. They 
have limitations, however, and obviously 
represent far less than a comprehensive 
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Intrainstitutional and Interinstitution- 
al Cooperation. (oo perohon within and 
among universities can also improve the 
availability of instruments to researchers 


loo often academic departments and lab 
oratones operate in isolation from one 
another and fail to coordinate equipment 
purchase and use. As resources become 
mere scarce, academic units will need to 
develop and improve their communica 
hon. both on their own and with encour 
agement pressure from university adminis 
trations. Similarly. universities will need to 
develop more effective means of local and 
regional cooperation, including sharing of 
expensive equipment and facilities NSF's 
Regional Instrumentation Ce-**-s Pro 
gram has helped encourage such sharing 
nm some cases: additional instances need 
to be explored 

A related mechanism is the develop 
ment of brokerage systems through which 
equipment could be transferred readily 
from one university to another. Universi 
hes engaged in pioneering research could 
sell nonessential equipment to other uni 
versities and colleges for training or rou 
tine research purposes and apply the pro 
ceeds toward new equipment. The Federal 
Government could encourage such bro 
kerage through more flexible granting 
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The Direct Federal Role 


Regardless of the other alternatives that 
have been considered, the Federal Gov 
ernment will continue to play a direct role 
mitigating the problem of instrumenta 
ton opsolescence as well as in providing 
incentives to stimulate corporate action 
bor example, funding agencies can assist 
by allowing more flexibility in funding pro 
cedures for research grants to make up for 
gaps in local funding. The current NSF 
requirement that equipment grants be 
matched on a 5O-5O basis fails to account 
for the associated costs of equipment 
montenance, housing, and servicing costs 
that are increasing and not being met by 
local funding Universities are. however, 
begining to receive credit toward then 
required matching percentage from ex 
penditures on site preparation, support fa 
cilities, operation, and maintenance. In 
that manner costs to the universities are 
spread out over the life of an mstrument 
Another mechanism that would provide 
flexible funding at the local level would be 
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a carefully designed institutional grant 
program specifically earmarked for equip 
ment and associated support services and 
based on a proportion of total direct Fed 
Such a 


would allow the diversity of needs associ 


eral support received program 
ated with instrumentation to be met at the 
iocal level. while maintaming full Federal 
accountability 

bhe estabhshment of more block funded 
research centers — fk ” example. the mate 
nals research laboratones funded by the 
Department of Detense and the National 
Science Foundation can also help to al 
leviate the obsoles “in ” problem Typical 
ly. those centers pursue general research 
goals, with quidance provided by the fund 
wg agency and local management. Flexi 
be guidelines allow for the purchase of 
necessary but expensive. sophisiicated in 
struments. The stability and scale of fund 
mg make possible adequate maintenance 
of the equipment. A recent study showed 
that the centers are able to provide better 
mstrumentation for their laboratories than 


equivalent project funded laboratories 


Summary 


Ihe solution to the problems of instru 
mentation ovsolescence in research uni 
versities will not come from a single an 
swer, agency, or institutional arrangement 
Rather, a concerted effort in which univer 
sities, industrial firms. and the Federal 
Goverment all actively participate should be 
able to ameliorate those pressing problems 
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Adequacy of U.S. Engineering Education 


Abstract 


Formidable problems need to be resolved if science and engineering education in the United 
States is to continue to contribute to the attainment of broad national! goals and needs. The 
problems associated with the national system for educating engineers are immediate and 
acute. They result primarily from shortages of new engineers and computer scientists in 
specific specialties and sectors. Production of Ph_D.’s in engineering. in computer sciences. 
and in a few other critical scientific disciplines continues to decline. with potentially adverse 
consequences for the military, academia. and industry. Approximately 1.600 positions on 
US. engineering school faculties remain vacant. even as undergraduate engineering enroll 

ments increase. The faculty shortages. which couid lead to a decline in the overall quality of 
engineering education, are being exacerbated by other problems. The initiative for develop 

ing remedies for those problems rests primarily with the universities and with industry. in fact. 
several experiments linking universities and industry more closely have been initiated. The 
principal initiative for remedying problems associated with engineering education must 
originate primarily from the universities themselves and from private industry. However. most 
observers agree that the Federal Goverment must continue to play a role in maintaining the 
vitality of U.S. engine ring education by focusing R&D resources on long term research, by 
targeted fellowship support. and by indirect incentives to further increased university industry 


cooperation 


Introduction 


The diverse. decentralized set of institutions 
that constitutes the U.S. national system for 
educating and using scientific and engineer 
ing personnel has many fundamental and 
enduring strengths. We give our scientists 
and engineers high status. and they have the 
opportunity to make independent decisions 
at an earlier age than is the case elsewhere 
Compared with most countries, our scien 
tic and technological institutions are adapt 
able. and our market economy is (with im 
portant exceptions to be noted presently) 
reasonably efficient in adjusting the demand 
and supply of trained personnel. Our large 
corps of broadly educated scientists works in 
a system that has, in the past, provided the 
time, resources, and congenial environments 
necessary for productive work. The results 
have been a continuous flow of exciting find 
ings that have revolutionized most areas of 
scence and that can, over the decades ahead, 
ontinue to provide the technical base for 
new products, new processes, and new in 
dustries. Younger scientists entering the 
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system are, as a group, as capable as their 
predecessors, and it is probable that investi 
gators of outstanding talent will continue to 
appear. 

Engineering, like science. has many 
strengths. Engineers today have broader and 
deeper backgrounds than at the end of World 
War IL The content of engineering educa 
tion has shifted markedly in response to new 
scientific discoveries, changing production 
methods, and new materials, instruments, 
and products. Engineers are respected pro 
fessionals who are gaining more positions of 
executive leadership. The number of women 
enrolled in U.S. engineering schools is in 
creasing rapidly, though racial minorities are 
still grossly underrepresented. In contrast 
to the production of scientists, however, 
many other countnes are producing greater 
numbers of engineers, particularly in fields 
mn which US. technology is no longer pre 
dominant 

The adequacy of the Nation's scientific 
and engineering activities must, however, be 
assessed in terms of their capacity to con 
tribute to present and future national qoals 
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rather than on their past achievements. Every 
review of the status of science in the United 
States attests to the excellence of our basic 
research effon, and the maintenance of that 
excellence continues to be an important goal 
But. the Nation also needs a strong techno 
logical base that can underlie improved de 
tense capabilities, a productive and resilient 
ecomomy, and a capacity to compete in world 
markets. The fact that those needs are no 
longer being met as well as they might be 
suggests that the adequacy of our scientific 
and engineernng activities. including the ad 
equacy of oursystem for educating scientili 
and engineenng personnel requires scrutiny 

lhere is a broad consensus that the cur 
rent and projected problems associated with 
the aggregate numbers. the occupational 
distubutions, and the quality of education of 
US. scientists and engineers, as well as with 
the academe institutions in which many of 
them work, constitute a saqmificant bamer to 
the full utilization of our potential scientifi 
and technok mM al TeSOUTCes 

The total pool from which future US 
scwntific talent could be drawn is not bemea 
tapped adequately Racial minorities. with 
the exception of Asian Americans, continue 
to be we tty underrepresented in all scien 
the fields. Women are aiso une lenepresented 
though ther increasing numbers in the 
lite. behavioral, and social sciences is an 
encouraging indicator of change 

lhe problems facing most fields of sci 
ence pose threats to the long range vitality 
of our national research effort and tts capa 
ity to advance in the long run. Among the 
Most serious is the prospective scarcity of 
ew PetTianent postions on lniversity sci 
ence faculties through the TUSOs and bey mv 
a Situation that has been treated in the Annual 
Soaence and Technology Report to the Con 
1USO' and a yoint National Science 
boundation Department of Education study 
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C Dryer onsequence of the stagnant academix 
job market and the resultant perception 
annend students that advanced study in many 
hekis ws unhkely to lead to attractive career 
‘Lie be tshashbeena stead ler line over the 
post decade inthe numbers of PhDs awarded 

thee pnathwrmatical and yin sical sciences 
lhe situation could have adverse comse 
menoes beyond the universities Industry 


CoP a’ NOT TIDD Alreach re'phots shortages ov 


58 


new PhDs ina few scentific subspecialties. 
and those shi WLaAges COMK ewably could extend 
to other areas as well if tne decline m PhD 
enrollments persists. A second. senous prob 
wm ts the increasing obsolescence of research 
mstrumentation in university laboratones. a 
problem that poses a threat to the ability of 
umversity faculties to carry out frontier re 
search, develop new instruments that can 
wad to important Innovations in private in 
dustry. and provide quality education for 
graduate students 

Perhaps the most senous., long tenn threat 
to our national science and technology ca 
patulites is the declining emphasis on sci 
ence and mathematics in the Nation's see 
omdary schools. That deciine. in shan contrast 
with the situation in other industnalized coun 
tries. ts discussed in the Annual Science and 
lech mi ie pon to the Cs MIQTE'SS 1YS] 
and elsewhere.’ 

lhe problems associated with sustaming 
and unproving the adequacy of the US 
national effort im engineering and in the 
omputer scences are similar, They include 
dechning Ph.D. production, instrumenta 
hon obsolescence in universities, and under 
representation of racial minonties. Unlike 
most fields of scence. however, engineering 
laces personnel problems that are more im 
mediate. more acute, and more of a potential 
bare tomereases in industrial productivity 
Hence. endgmeenng wil be the pnmary focus of 


thoes papel 


Current and Projected 
Personnel Supply and 
Demand for Engineers 


lhe Anal Saence and Technology Report 
to the Comaress. [USC noted that there were 

USO) inadequate numbers of new grad 
hates at all degree levels to satisty demand 
ry ttn complet SsChmrrce’s. Trost engineenrng 
pecialties, and a few subspectlies in the 
physical canecd bya ke eric eal SORT Ie" among them 
a viel Sheath psn optics mht ale leon s 
try. and toxicology A greater number of 
meow beeches hearers Wel awarded my 
enameenng and computer scence im TUS] 
thanom the previous Gear, and enrollments 
HUTS. enawmeerndg schools also increased 
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forefront as centers of fundamental research in 
engineenng 

General assessments of educational qual 
ity are difficult to make. in pant because they 
are based on normative judgments. Specific 
personnel requirements and patterns of use 
differ from industry to industry. from com 
pany to company within an industry. and 
with time. Because many engineenng schools 
wy different parts of the country tailor their 
educational programs to the needs of dif 
ferent sectors of industry). there is a roughly 
parallel diversity in engineering cumcula 2nd in 
the ideal tevel of educational quality, ;vaist 
which a given engineering school ‘udges 
itsell 

Despite these caveats, there are indica 
tions of a general Get noration in the quality 
f engineenng educaiion in the United States 
A pnncipal cause is the decreasing ability of 
engineering schools to recruit adequate 
numbers of qualified faculty members from 
among the declining population of engineer 
ing Ph.D's. Because the starting salanes offered 
by industry to bachelor’s level engineers are 
high relative to the prevailing levels of arad 
uate fellowship and assistantship support 
just 2489 Ph.D's in engineering were pro 
duced by US. universities in 1980, about 70 
percent of the 3.485 produced in the peak 
year of 1970. The number of Ph.Ds in engi 
neenng granted to foreign students with tem 
porary visas increased by SO percent over 
that 10 year period, while the number of 
US citizens securing Ph.D’s in engineering 
dropped by fully 50 percent 

Competition among employers for the 
decreasing numbers of new Ph.D’'s is even 
more intense than for those with bachelor’s 
degrees. Faculty salaries are woefuily non 
competitive with industry s. Instruments and 
facilities for research often lag a generation 
or more behind industry's. and, with research 
funds lagging, teaching becomes less desir 
able. Opportunities to work with graduate 
students are diminishing at the same time 
that undergraduate class sizes and teac hing 
loads continue to Grow 

As a result, academic careers in enaineet 
Inq are becoming increasingly undesirable 
as evidenced by the fact that in the fal! of 
LYSO about 1,600 engineering faculty posi 
tions in U.S. universities, or about 10 percent of 
the total, were vacant. Of those positions, 40 


60 


percent had been vacant for at least a year 
Publicly supported colleges. which employ 
most three-quarters of US. engineering 
ulty. had a somewhat higher percentage 
vacancies than pnvate institutions. Overall 
shwortages would be far more severe if it were 
ot forthe availability of foreign faculty. Among 
or engineenng faculty. almost one-quarter 
received their bachelor's degrees outside the 
United States. and those with fe weian bache 
lors degrees constituted one-third of the 
engineering faculty at publicly supported 
Institutions 
Engineenng educators express widespread 
concem about the effects of the faculty va 
cancies on the quality of teaching and on 
the breadth of the curriculum. The propor 
ton of fullterm programs in engineering 
ind computer science receiving certification 
from the Accreditation Board for Engineer 
ing and Technology had, in June 1981. fallen 
to SU percent from its longstanding plateau 
of 70 percent: that is a striking indicator of 
le easing qualit Ihe results of a recent 
survey of engineering deans indicate that SO 
percent Nave respx mded to the vacarx \ prob 
lem by increasing undergraduate teat hing 
loads, while more than 5O percent have elirni 
nated one or more undergraduate courses.” 
lhe effects of faculty shortages on under 
graduate instruction in engineering and com 
puter science are exacerbated by the obso 
scence of instructional apparatus and facili 
ties. For example. the apparatus required to 
provide students with experience in the 
computer-assisted manufacturing methods 
that large ULS. companies have introduced 
ve simply not available in most engineering 
schools. Thus, graduates face a serious and 
perhaps widening gap between their educa 
ton and the requirements for creative con 
tributions in industrial employment. Large 
companies with ample resources have re 
sponded by developing their own training 
programs. Conceivably, though not neces 
sarily, it may be more cost-effective for in 
dustry to train new engineers to use up-to 
date apparatus than to expect the universities 
to do so. The fact remains. however, that 
industry has assumed an educational func 
tion previously regarded as a province of the 
engineering schools. The consequences for 
the future of engineering education are by 
no means self-evident 
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quality of instruction at the masters and 
PhD). levels. Here. again. several companies 


appear to be acting on their perceptions that 


the longterm health of industry depends 
substantially on the generation of new knowl 
edge and on the XC ellence of advanced 
education, and these results can best b 
obtained by the universities in partnership 
3 the past 2 vears, the 

Exxon Research and Engineering Company 
has agreed to provide more than $7 million 
to the Massachusetts Institute of Techno! 
gu (MIT), over a 10-vear period. for com 

bustion research. Du Pont and Monsanto 
wave completed long term research contracts 
Wy GeNeNCs « na mucrs . ric QL with the Han 
wd University Mk dical Schoo! Mallins kr xt. 

? ee ae 
nc.. has agreed to supply nearly $4 million 
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iso several instances in which 
more than one firm contributes to a special 

ed university research center. One of the 
most successful ventures is the MIT Polymer 
Processing Center at which firms of all sizes 
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than the rule. The Federal Government can 
facilitate closer university-industry links by 
such means as tax incentives to corpora 
ions. However. few but the most enthusias 
tic supporters of broad industrial assistance 
would contend that industry can provide 
more than about 10 percent of the external 
support that US. engineering schools need 
to maintain high-quality research and instruc 
tional programs. _ 

The Reagan Administration recognizes that 
itis in the national interest to provide tar 
geted financial assistance to engineering edu 
cation. The National Science Foundation. 
for example. has initiated a special new en 
gineenng faculty research incentive program 
designed to attract young high quality Ph.D. 
engineers into academic careers. Likewise. 
the Department of Defense has increased 
both the number of graduate fellowships 
offered in engineering and science and the 
amount of each stipend in order to make 
fulltime graduate study in selected fields 
more attractive 

In addition. the Federal Government. by 
supporting long term research in engineer 
ing and scence through grants and contracts, 
can help maintain and strengthen both re 
search and instructional capabilities of the 
uversities. Decisions made by Federal agen 
cies in the ways they choose to distribute 
their RAD resources inevitably exert a pow 
erful effect on the direction and quality of 
the Nation's entire scientific and engineer 
ing eft nt. The agencies Can, for example. set 
the balance between short range payoff and 
long range investment. The Reagan Admin 
istration is makieg a clearer distinction than 
inv the past between long term fundamental 
research, for which support will continue to 
derive primarily from the Federal Govern 
ment, and short-term development projects 
that are the appropriate province of the pri 
vate sector. These policy quidelines can be 
Interpreted as a cleat signal to the IQeNCIEsS 
to focus their RAI J resources on thy types of 
longtenn research that universities and cen 
ters associated with universities traditionally 
do best and that contnbute to and strengthen 
their broad educational mission 

An increasinaly strona partnership between 
industry and universities, coupled with pru 
dent decisions on the part of Federal agen 
cies conceming the distribution of their ex 


tramural RAD resources. could aid in arresting 
and reversing the detenorating situation in 
US. engineenng schools. There is little doubt. 
however. that universities will continue to 
face problems inherent in the slow growth or 
even the decline of overall support for sci 
ence and engineering research and educa 
tion The ability of the US higher education 
system to provide the educated personne! 
and new knowledge required to meet im 
portant national goals will be seriously im 
paired if the advers: effects of low grt math 
rates on the Nations R&D effort are com 
pounded by a failure to compensate by en 
hancing quality. Thus. universities face the 
formidable problem of sustaining or elevat 
ing excellence at the same time th {resources 
level off or actually decline. The problem is 
likely to be most acute for large universities 
that are not among the handful of premier 
research institutions but do, in fact. educate 
the overwhelming majority of engineers 
Those universities will have to decide whether 
their goal will be to protect excellence by a 
more selective distribution of scarce resources 
or to spread their resources ever wider and 
thinner. In the case of publicly supported 
universities, State governments will have to 
decide whether resources will continue to be 
allocated on a student credit hour basis. and 
thus driven solely by undergraduate enroll 
ments, or on the basis of a long range view 
of the university’s role in the State and the 
Nation 

While the burden for making those diffi 
cult decisions will continue to fall most heav 
ily on the universities and. in the case of 
public universities, on State governments. 
the Federal Government and, most signifi 
cantly. industry must recognize their stake in 
the excellence of the Nation's higher educa 
tion system. Much of what should be done 
has already been started. The several exper 
naents with new institutional forms tor link 
ing tdustnal firms with universities are ex 
posting the practical problems generated by 
such closer linkages, and they are beginning 
to provide appropriate solutions.’ The most 
effective Federal role should be to provide 
oreater indirect incentives for industrial in 
vestments in academic research and educa 
tion Whether still more attention and re 
sources will be devoted to sustaining the 
quality of OLS. engineering education — and 
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Advancing U:S. National Interests 


Through International Cooperation 


in Science and Technology 


Abstract 


U.S. participation in cooperative international science and technology activities must rest on 
different premises today than it did during the era when we maintained dominance in 
virtually all areas of science and technology. Because financial and human resources for the 
conduct of scence and technology are limited. opportunities for international cooperation 
need to be assessed with a view toward selecting those that. by extending and complementing 
purely domestic activities, can yield significant scientific. economic. and political benefits foi 
the Nation. The types of intergovernmental cooperative activities best calculated to serve our 
interests differ considerably depending on the scientific and technological sophistication and 
level of economic development of the countries involved. as well as their political relation 
ships with the United States. International cooperation in science and technology also 
involves entities other than governments. Private firms engage in a wide range of cooperative 
activities. Additionally. the relationships nurtured between U.S. universities. professional 
societies. and individual scientists and engineers ard their foreign counterparts continue to 


provide significant benefits both to the institutions and individuals and to the Nation 


Introduction 


[Through intemational cooperation, countries 
seek to acquire benefits not possible through 
unilateral action. In science and technology, 
intemational cooperation provides the United 
States with access to con epts. data. pre vd 
ucts. and processes not otherwise available 
In a fundamental sense, then, the impetus 
for cooperation stems from the recognition 
of mutual self-interest. When cooperative 
Wrangements are functioning optimally, they 
serve much more than the needs of individ 
ual scientists and engineers primarily con 
cerned with specific projects and research 
relationships 
International cooperation can make an 
essential contribution to economic develop 
ment by increasing the opportunities for ap 
plying science and technology to the inno 
vation process. It can also enhance our se 
cunty by strengthening alliances and by helping 
ther countries achieve economic progress 
with political stability. Additionally, it can pro 
mote the advancement of the scientific en 
terprise as a whole 
The phrase “international cooperation in 
science and technology” has been used at 


different times to describe different activi 
ties. It has included endeavors that are pri 
manly political in motivation (the “space hand 
shake between U.S. and Soviet astronauts) 
as well as activities that are essentially ad 
ministrative (the establishment of procedures 
for aircraft on international flights). Scien 
tific cooperation has been used by govern 
ments as an exploratory probe for other 
joint activities with broader obicctives, as was 
the case in the science and technology co 
operation agreements between the United 
States and the People’s Republic of China 
signed in 1979! Withdrawal of scientific co 
operation has also been used as a means of 
expressing displeasure with the actions of 
another government in a separate sphere of 
activity. Recent examples include the response 
of tne US. Government to the Soviet inva 
sion of Afghanistan, and that of the US 
scientific community to the internal exile of 
Andrei Sakharov 

Ihese diverse examples show how diffi 
cult it is ta establish a discrete set of criteria 
to define international cooperation. They 
also show that international cooperation in 
scence and technology can and does secure 
benefits valued by the US. Government and 
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its citizens, as well as by the cooperating 
entities — other governments, intergovemmen 
tal agencies. private corporations, and pri 
vate sector organizations. The basic ration 
ale for maintaining international scientific 
and technological cooperation is that it is 
among the most effective and efficient ways 
to gain certain benefiis. whether scientific. 
political, economic, or a mixture. 


The Changing Context of Cooperation 


Although instances of international cooper 
ation in science and technology have occurred 
throughout history, such cooperation has 
grown in importance since the end of World 
War Il. as the scale and pace of scientific 
research and technological development have 
increased and as the benefits of cor yperation 
have become more generally acknowledged 
Cooperative study of natural phenomena 
that are global in nature has led. for exam 
ple. to improved understanding of the litho 
sphere. the atmosphere. and the magneto 
sphere. Among th results are an increased 
ability to predict the location of hydrocarbon 
fuel deposits. more accurate weather fore 
casting, and greatly improved electronic com 
Ihe linking of land masses 
through high speed air transportation rests 
on a more technical, less scientific basis of 
cooperation, including agreement on the 
use of the racho frequency spectrum, joint 
management of communications satellites. 
and common standards for traffic control. 
Ihe list of such efforts is lengthy. and the 
United States has been an active participant 
in many of them 

At the end of World War Il, the United 


States was widely regarded as the world 


munication 


leader in virtually all helds of science and 
technology 
the wartime destruction suffered by most 


a Status that rested in part on 


other advanced industrial nations. More re 
cently. the US. position has bequn to erode. 
and it has become necessary to rece wQnize 
that this country can no longer expect to be 
preeminent in all fields. The United States 
assisted in the reconstruction of Japan and 
Western Europe, including the restoration 
of their scientific structures and technologi 
cal capabilities. As those nations regained 
thei intellectual and productive capabilities, 
they began to devote larger shares of their 
gross national products to nonmilitary re 
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search and development. Especially in Japan 
and West Germany, that allocation of re 
sources has contributed substantially to the 
competitiveness of their products in interna 
tional trade 

Yet the resurgence of the economies of 
those industrial nations has by no means 
swept the United States from its leadership 
position in all areas of science and technol 
ogy. The award of Nobel prizes in many 
fields. the high level of U.S. scientific pro 
ductivity (as measured. for example. by pub 
ications). and continuing U.S. technological 
resourcefulness (represented by numbers of 
patents and licenses) all evidence the con 
tinued high quality and fundamental strength 
of US. science and technology. 

Nonetheless, it is apparent that US 
participation in international cooperation in 
scence and technology rests on quite dit 
ferent premises today than it did a short time 
ago. Other industrial nations have gained 
strenath and effectiveness. Some devek »p 
ing nations have bequn to challenge the 
leaders in particular fields. The leadership of 
one nation in all fields of science and tech 
nology is no longer possible. Rather. the 
lL ederal Government must scan and evalu 
ate foreign science and technology on a 
sustematic basis to seek opportunities for 
itemational cooperation. Such cooperation 
serves US. interests by supplementing U.S. 
capabilites, by increasing the knowledge base. 
or by enhancing awareness of discoveries 
with commercial or security implications. Fur 
ther. the Government must have the infor 
mation and inteligence resources to assist 
private firms in maintaining their competi 
tiveness with foreign firms, and it must have 
the knowledge and the organizational flexi 
bility to become a partner in new coopera 
Hive arrangements linking participants from 
the public and the private sectors 


A Typology of Cooperative Activities 


Opportunities for cooperation should be 
judged by their potential for serving the na 
tional interest as well as the interests of the 
parties directly involved. A rough typology 
divides cooperative activities according to 
the character of the principal entities involved 
govermments, the private sector, ora combi 
nation. Recent experiences in each type of 
Cooperation are described below 


Intergovernmental 
Cooperation 


Intergovernmental! scientific and technolog 
ical Cooperation can be further subdivided 
according to the nature of the countries in 
volved and their relationships to one anoth 
er. There are five principal (occasionally 
overlapping) subcategories: 
® cooperation in support of military 
political alliances: 
® cooperation with industnal nations: 
® cooperation with Communist countnes. 
® cooperation with developing countries. 
and 
© cooperation through multilateral insti 
tutions 


Cooperation in Support of 
Military Political Alliances 


Scientific and technological cooperation 
among nations that have similar cultures 
and values and are aligned politically and 
militarily is the easiest to conduct and gen 
erally promises useful results. Opportunities 
for cooperation with allies should be evalu 
ated according to both direct scientific or 
technological benefits and such ancillary 
objectives as the mutual (or, in some cases. 
one sided) strengthening of economies and 
contributions to military capabilities 
Scientific and technological cooperation 
with the North Atlantic Treaty Organization 
(NATO) is, of course, a key example. Scien 
tific cooperation within NATO was initiated 
in the early 1960s, largely in response to 
Sputnik, and was seen as a way to broaden 
the scope of involvement in the mutual se 
cunty of the Western nations. Today, coop 
eration within NATO proudes a mechanism 
for addressing our allies concerns about the 
LS. role in the strategic relationship and 
aids in the sharing of scientific knowledge. A 
program of scientific seminars, fellowships. 
joint projects, and institutes was developed 
under the NATO Science Committee. Such 
cooperation has been modest in size, praq 
matic in onentation, and generally beneficial 
to the national science establishments and 
to the individual participants © The prospect 


of expansion of NATO membership and ac 
tivities on the southern flank (Spain, Portugal, 
and Greece) raises the j™ sibility of NATO 


collaboration in the application of science 
and technology to economic development. 

In the 1970s, through the initiative of the 
United States. which was seeking to broaden 
existing alliance relationships, the Commit 
tee on the Challenges to Modem Society 
(CCMS) was organized within NATO to ex- 
amine a range of common concerns having 
a scientific or technical component. for ex 
ample. automobile safety and air pollution. 
Although CCMS laid the groundwork for an 
expansion of scientific and technological co 
operation within NATO) little action was taken 
to effect its recommendations. It may be 
opportune now to assess the usefulness of 
those recommendations or perhaps to moura 
a new effort aimed at developing scientific 
and technological linkages within that key 
security relationship, NATO 


Cooperation in Support of 
Economic Relationships with Other 
Industrial Nations 
Observers of intemational relations have re 
marked on the movement toward greater 
economic and technological interdependence 
among the advanced industrial nations of 
North America, Western Europe. and the 
Western Pacific.’ Scientific and technologi 
cal cooperation among the Western indus 
trial countries can provide a means for con 
serving resources while pursuing Common 
scientific objectives 

The most experienced vehicle of scientific 
and technological cooperation among those 
nations is the Organization for Economic 
Cooperation and Development (OECD). Al 
though much of OECD's work is concen 
trated at the policy level, joint research proj 
ects, some invelving the United States, also 
contribute to the goals of the organization 
ond its members. Research in energy, bio 
technology, and satellite communications may 
be future candidates for cooperation because 
those areas have a high priority on the na 
tonal agendas of many OECD nations. 

OECD) sponsorship of collaborative proj 
ects (for example, Eurochemic, the Dragon 
reactor) has tended to remain Europe 
centered However, there has been consid 
erable nuciear research exchange between 
the United States and European countries 
on such issues as radiation induced metal 


b/ 


fatique. In addition, French and German 
commitments to developing a Ureeder reac 
tor may offer an opening for expanded co 
operation. Continued and enlarged coop 
eration in breeder reactor development not 
only would assist our allies but also would 
help the United States keep abreast of a 
rapidly changing technology. OECD could 
provide the proper institutional setting for 
cooperative breeder research and devel 
opment and could (along with its satellite 
organization, the Intemational Energy Agency) 
provide a proper setting for designing a more 
productive approach to such complex issues 
as radiation health and safety. waste dispos 
al, and plutonium reprocessing.*’ 

US. cooperation outside Westem Europe is 
conducted through a varied set of bilateral 
relationships. With Israel. for example. there 
are three endowed binational foundations 
for support of R&D projects of interest to 
investigators in both nations. The coopera 
tive program with Japan is financially the 
largest. and it comes closest to parity in the 
contributions of the two governments and in 
the joint mechanisms used for the approval 
of proposals. These two examples suggest 
that where the will to cooperate exists, it is 
possible to design instruments unique to the 
relationships and mutual interests of the na 
tions involved 

In the case of Canada. many areas of 
potential cooperation are presented by our 
extensive common border, similar cultures. 
and close relationship in security affairs 
Weather modification and acid rain are typi 
cal of many areas of parallel interest in which 
scientific and technological efforts could be 
coordinated and. if properly handled. could 
contribute to a narrowing of policy differ 
ences between the two countries 

A special opportunity and problem —is 
posed by our southern neighbor. The accel 
eration of Mexico's growth rate, based on 
the exploitation of its oil resources. suggests 
the possibility of enhanced scientific and tech 
nological relationships. While the balance of 
immediate benefits would tend to favor 
Mexico, except in such limited areas as arid 
zone agriculture, recognition of long-term 
mutual interest may facilitate joint projects 
of broader concern. Likely candidates for 
cooperation include ocean fisheries, trans 
border industrial pollution, water resources. 
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and earthquake prediction. Clearly, a com 
bination of strategic and economic factors 
makes seeking to improve the level and sub- 
stance of scientific axl technological coop 
eration with Mexicc ue attractive 


Cooperation with Communist 
Countries 


Scientific cooperation with Communist coun 
nes Can serve as a window for the US. on 
scientific developments in those nations. can 
maintain Communication linkages with im 
portant scientific communities, and can gain 
information of value to U.S. scientists and 
policymakers. At times it can serve to lay the 
groundwork for improved political relations 
and for communication in nonscientific 
spheres. Conceivably, it can also lead to 
mutual scientific and technical benefits and 
even to economic advantages. 

At present, relationships vith Communist 
countnes are at a sensitive juncture. The 
response of the Federal Government. pri 
vate organizations, and individual scientists 
to Sakharov’s exile and to the invasion of 
Afghanistan has resulted in substantial re 
ductions in exchange and communication 
with the Soviet Union. although there con 
tinue to be some exchanges at the working 
level. The reduction has occurred in the 
context of broader changes in the political 
climate between the United States and the 
Soviet Union. It is therefore time to reassess 
the mode of scientific and technological in 
teraction between the two countries. As part 
of that reassessment, a number of important 
questions deserve wide discussion in gov 
emment and the scientific community: Should 
the government continue to play a central 
funding role? Are the existing institutional 
structures of exchange providing satisfactory 
access to Soviet research and development 
activity? Is reciprocity -so essential to the 
character of the relationship — adequately 
respected on both sides? 

There are some areas in which US. Soviet 
cooperation may be of substantial mutual 
benefit. Continued —if not expanded 
cooperation in Antarctic research may be 
one opportunity, especially in light of recent 
concems about exploitation of marine and 
mineral resources. A cooperative approach 
to various safequards in reprocessing spent 
nuclear fuel is becoming imperative as both 


the United States and the Soviet Union enter 
more actively into supplying services for other 
nations 

While formal mechanisms surely have their 
place. the mayor facilitating role of informal 
inks among scientists has not been gener 
aliy recognized. Many observers believe that 
smentiie exchange and communication have 
served as a form of “tension management” 
between the United States and the Soviet 
Union. They have been one means of ex 
pressing Continuity of mutual interests and 
are amechanism the two nations employ for 
dealing nonthreat: ingly with each other 
Occasionally, scenttn relationships become 
the vehicle for commu:;cating something 
larger. Such were the contributions of scien 
tists connected with the Puqwash Confer 
ences on Science and World Affairs and of 
the informal contacts leading eventually to a 
limited test ban treaty in 1963. However. 
the Soviet scientists who participate in such 
exchanges often do not have access to political 
levels of decisionmaking comparable to those 
of ther American counterparts. That. of 
course, can limit the value those exchanges 
have for US. scientists. The National Acad 
emy of Sciences Committee on Arms Con 
trol and International Security quite recently 
has begun to cultivate personal contacts in 
the Soviet arms control community. So far 
the effort has been privately supported, a! 
though even informal official approval no 
doubt would facilitate their task of quiet di 
plomacy, which offers the hope of laying a 
sohd groundwork for future intergqovermmental 
negothahorns 

Scientific and technological cooperation 
has made significant contributions to the 
stabilization and improvement of relations 
with the Warsaw Pact countries. Such coop 
eration is not merely an inexpensive substi 
tute for candid interaction on mapor differ 
ences. Rather, it is a means of maintaining 
the personal and professional relationships 
that underlie and often facilitate more fonnal 
levels of interaction. It is also a mechanism 
for maintaining access to a vigorous and 
productive scientific and technological es 
tablishment. Bilateral scient “. exchange pro 
qrams with the nations or Eastern Europe 
are distinct from programmatic relations with 
the Soviet Union. The Eastern European 
programs are not large, but they do repre 


sent an important conviction regarding the 
independence of action those governments 
enjoy vis.a vis the Souet Union 


Cooperation with Developing 
Countries 


Cooperative efforts with developing coun 
ines can serve a variety of US. interests. 
Like other programs that support economic 
and politcal development, scentific and tech 
rok nical cooperation efforts can contribute 
to such US. objectives as the maintenance 
of political and economic stability in volatile 
regions. the strengthening of regimes fnendly 
to the United States. the cultivation of politcal 
support for the United States. and the en 
hancement of markets for ULS. industry. In 
addition. certain types of cooperation can 
strenathen the scientific infrastructure in de 
veloping countries and enhance the capabil 
ihes of scientists in those countries to work 
as partners with US. scientists. In turn. the 
US. scientific enterprise can benefit from 
access to unique physical, biological. or cul 
tural resources (for example. archaeological 
sites) in developing countries 

Assistance to and cooperation with de 
veloping countries is important because of 
the leverage value of science and technol 
ogy when applied to development needs 
More efficent use of limited resources can 
be achieved where there are established 
mutual interests: agricultural research, the 
identification and utilization of natural re 
sources, alternative energy sources, and the 
preservation of cultural resources are exam 
ples. All proposals tor cooperation should 
he subjected to the essential tests of common 
interest and legitimate reciprocity. 

Scientific and technological cooperation 
with developing countries has two aspects 
One. involving the newly industnalizing coun 
tries, is Comparable to cooperation with in 
dustrial nations, whether military alles or 
not. The other is not cooperation in the 
same sense, but assistance aimed at building 
up the capacity to cooperate. Such assist 
ance ts a relatively inexpensive strategy with 
considerable potential for leveraging the de 
velopment process. Used carefully, it can 
greatly improve the productivity of human 
resources, introduce modern technology in 
ways that shortcut the normal incremental 
process of technical change, enhance the 
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political stability of developing countries. and 
create new sources of industrial raw maten 
als and new markets for US. products 

Furthermore, there are benefits to US 
science and technology from cooperation 
with developing countries. Research on 
human fertility and family planning has bene 
fited from data generated in South Korea. 
Taiwan. and India. Plant genetics has shifted 
its focus and methodology. partly as a result 
of experiments leading to new strains of nce. 
wheat, maize. and potatoes introduced in 
developing countries. Wildlife conservation 
depends upon scientific and administrative 
initiatives by those govemmments of Latin Amer 
ica, Africa, and Asia that control important 
vet dwindling populations and breeding 
grounds 

Some developing countries are virtualh 
certain to become more significant contnbu 
tors to world science and technotoagy. They 
will no doubt include Brazil. the People's 
Republic of China. India. and Mexico. All 
are moving rapidly along a path of self 
sustained economic and social development 
Intergovernmental relations, trade, and the 
involvement of private firms and organizations 
in those countries are all likely to increase 
As that occurs, questions will be raised about 
the character of cooperation with societies 
in which significant segments wall increas 
maly resemble industrial society rather than 
the developing model, but which will still 
have large backward sectors. Of particular 
importance will be issues regarding the ap 
propriate roles to be played by the public 
and the private sectors 

lhe People's Republc of China is a spe 
cial case, because the technical communi 
ties in that nation and the United States are 
enjoying & honeymoon” after a long hiatus 
in relations. There has been considerable 
movernent in China recently toward a more 
pragmatic and less ideological approac h to 
the United States. Among the developing 
nations that wall have the resources to play a 
major role in world affairs in the coming 
years, China ranks high. It is therefore es 
sential for US. policy planning to develop 
both formal and informal relationships with 
the individuals who will quide China's scien 
tific and technological modernization 

lhere are similar reasons for US witerest 
m cooperation with such other large and 


70 


populous developing countries as India. In 
domesia. and Egypt. Each possesses the com 
bination of strategic location, large human 
and natural resources, and awareness of the 
potential that science and technology can 
have for facilitating development. In such 
countnes, the United States might explore 
the feasibility of combining the capabilities 
of the government with those of the pnvate 
sector to increase the contribution of sci 
ence and technology to development 

A number of nations, collectively known 
as Agency for International Development 
(AID) “graduates” because they no longer 
meet the per capita income cniteria for US. de 
vwlopment assistance. could be more consist 
ently engaged in scientific and technologi 
cal cooperation Yelding mutual benefits. Steps 
to strengthen AID have already been taken 
through internal reorganization and the ap 
proval of a research program managed by 
the National Academy of Sciences’ Board 
on Soence and Technology for Intemational 
Development (BOSTID) The BOSTID pro 
gram is unique in US. experience because 
of the extent to which it engages representa 
tives of developing countries in the selection 
and execution of research projects 

An etfective approach to those nations 
that have evolved beyond the need for de 
velopment assistance is suagested by the 
Intemational Development Cooperation Ad 
ministration s Trade and Development Pro 
gram (TDP). TDP authorizes the use of US 
Csovemment resources for development, but 
with funding provded by the developing 
country, Small dollar commitments are avail 
able for studying feasibility and for other 
preparatory activites leading to projects in 
which the private sector could have a major 
roe 

Throughout the developing world, there 
is ard will continue to be a strong demand 
lor the applic ation of science and technol 
oay to the goal of modernization. regardless 
of whether such applications fall under the 
rubric of assistance or cooperation. The United 
States has limited resources and will have to 
respond to its own priorities in deploying 
them effectively, Tiree basic principles might 
provide some quidance in deciding which 
requests for cooperation and assisiance are 
Most important to meet. First, to be effective 
lwothy com qacrateny and assistance should have 
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continuity. Second. if both the United States 
and a developing country can articulate the 
scientific and technological interests candid 
ly. the identification of points of convergence 
where sustainable Cooperative enterprise can 
be focused will not be difficult, Third, assist 
ance programs should provide means for 
the developing country to outgrow US. tute 
lage. so that the activity becomes self-sustaining 
and can be carried on largely with indige 
nous personnel 


Cooperation through Multilateral 
Institutions 


In recent years. a number of issues with 
considerable scientific and technological com 
ponents have surfaced in the deitberatons 
or programs of the United Nations. Although 
some UN. agencies have become politicved 
forums for confrontations over economic 
and political issues, certain scientific and tech 
nological activities are performed effectively 
by such agencies in a manner supportive of 
U.S. policies and interests. For example. 
positive results are emerging from the global 
monitoring and program development imi 
tiatiwes of the UN. Environment Program 
(UNEP) UNEP has been in existence for 
less than a decade, but it has been responsi 
ble for important programs now beginning 
to bear fruit the Global Environmental Mom 
toring System, the International Register of 
Potentially Toxic Chemicals, and the Regional 
Seas Program. including a Canbbean Action 
Plan for the development of tourism and 
economic growth 

Such long established agencies as the In 
ternational Atomic Energy Agency (IAEA) 
and the World Meteorok gical Organization 
(WMO) also perform functions that would 
be difficult to carry out in any other way. The 
IAEA mission ts of particular interest to the 
United States as uranium fueled generating 
and research installations become more 
numerous and the dangers of nuclear weap 
ons proliferation become more pressing. The 
UN. Development Progra (UNDP) and 
WMO stimulate the growth of scientific and 
technological capacities in developing coun 
tres and coordinate national programs in 
the industrial countries. Because of the rela 
tive efficency of com *peTation as ce wnpared 
with independent action, those activities of 
the United Nations are likely to be consistent 


with US. pnonities. even at a time when 
funding for multilateral activities ts undergo 
Ing SeveTe scrutiny 

Among the most notable achievements of 
the United Nations and its organizations have 
been such scientific and technological ac 
complishments as the eradication of small 
pox through the efforts of the World Health 
Organization (WHO). In essence. that was 
the result of a massive Cooperative enter 
pnse in which WHO acted as the global 
planner and manager 

tiowever, there are increasing needs for 
the perfomnance of technical tasks on a global 
basis by mstitutions that are not now an 
mvtegral part of the world organization.“ Among 
intergovernmental organizations not associ 
ated with the United Nations. the Interna 
tional Marine Consultative Organization 
(IMCQO). the International Bank for Recon 
struction and Developtnent (a part of the 
World Bank). and the Intemational Telecom 
mumcations Satellite Consortium (INTEL 
SAT) play roles of particular benefit to US 
mterests. Through competent technucal staffs 
and-clearly defined technical missions, they 
have been able to maintain effective pro 
grams even in penods of financial restraint 


As a final note on cooperation through 
multilateral institutions, the prospect of broadh, 
international, even worldwide. collaboration 
inthe pursuit of “bigscience deserves men 
ton Until now, the United States has man 
aged to build and operate its own large in 
struments for research in high energy physics 
and has managed to bear the costs of such 
expensive areas of space scence as planetary 
exploration. As the next generation of ef 
forts in those fields begins to take shape. it 
will be necessary to confront the reality thai 
the costs are likely to be too high for any 
single nation even the United States — to 
bear alone. The nations of Western Europe 
have already faced that situation and pooled 
them efforts in a numbe of svecesstul enter 
prises. inchuding the Luropean Organization 
lor Nuclear Research (CERN) and the bu 
ropean Space Agency (ESA) Amencan and 
possibly, Japanese, Soviet, and other partici 
pation in large scale efforts of that tupe may 
be a financial necessity for all concermed if 
frontier areas of basic scence are to be ex 
plored New modes of cooperation will re 
quire careful study during coming years 
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Cooperation Among 
Private Firms 


Soentiic and technological relationships that 
cross national borders may, and often do. 
mvolve entities other than govemmments. Pr 
vate firms maintam a wide range of activities 
and relationships that are taternational in 
nature some cooperative, others competi 
tre. Detining exactly what constitutes inter 
national scientific and technological coop 
eration among pnvate firms is not easy. A 
great deal may occur that is neither visible to 
government policymakers nor particularly 
susceptible to conscious government inter 
vention. Little has been written to quide sys 
temati thought. A careful analysis of the 
appropiate roles the private sector can play 
in international scientific and technological 
cooperation should be conducted to deter 
mime the extent to which such cooperation 
is in the national interest and should be 
expanded 

Private firms can make a significant con 
tribution to the development process and to 
US. pohcy objectives through cooperation 
with firms in developing countnes. There is 
no single model for such cooperation, though 
a method that has worked in the past is for 
the US. firms to provide cooperating firms 
in developing countries with experienced 
personnel to oversee production, manage 
facilities. and market products. Beyond that 
type of assistance — which would be contin 
ued and expanded -a larger and better co 
ordinated effort to bring new technologies 
into developing countnes through the pri 
vate sector might be mutually beneficial. The 
Trade and Development Program, mentioned 
above, is a promising start 

Prvate finns have cooperated successfully 
actoss national borders in such fields as com 
mercial utilization of space, aircraft engines 
and airframes, computer software, and au 
tomotive product development. Those areas 
will continue to be attractive because costs 
are high. risks are large, and there is a global 
market for a relatively homogeneous prod 
uct or service. In lieu of direct assistance, the 
most significant goverment contribution may 
be the reduction or elimination of regula 
tions and other controls that inhibit the de 
velopment of cooperation that serves US 
interests. The United States has had a long 
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and recently renewed interest in controlling 
the export of high technology goods and 
services to Communist nations. Although 
the cunent approach is to extend that con 
trol to classes of technology, rather than 
mdimidual products.’ the problems remain 
tommidable. Some observers believe that the 
United States stands to lose more in the 
long run than it mght gain by restricting the 
export of ter hnology 

A iarge and growing area of corporate 
cooperation lies in cross licensing and tech 
mology shanng agreements. Those mecha 
msms provide quick access to new technol 
ogy without investments in costly and open 
ended research They do. however, have the 
drawback of contractual limits on markets 
where the product may be sold or the ser 
vice offered, and they require that the sup 
pivng firm have assured access to improve 
ments developed by the receiving tim 

The qrowth of the multinational corpora 
thon may be the most inyportant response of 
the private sector to new opportunities for 
cooperation across national boundanes. The 
essence of the multinationals capability is to 
maximize advantage by siting operations 
where cost factors are most favorable. New 
stucies of cooperation among multination 
als could examine on a sectoral basis the 
effects of international Cooperation on na 
tonal firms and markets 


Intersectoral Cooperation 


Intemational cooperation in science has long 
been pursued by scientists —with or without 
the support of their governments — ina nonpo 
litical and mutually beneficial fashion. Large 
scale enterpnses began with the Intemational 
Polar Years in the late 19th and early 20th 
centunes. Such cooperation has been greath 
extended in recent years through such in 
vestigations as the International Geophysi 
cal Year, the International Decade of Ocean 
Exploration, and the International Biolog 
cal Program. Large scale projects depend 
ultimately upon links among working scien 
tists in both the private and the public sec 

tors. Those links are maintained through 
disciplinary organizations at the national level 
and the International Council of Scientific 
Unions (ICSU) at the international level. ICSU 


has organized cross-cutting teams to exam 


me schemtihic Questions relating to the enw 
ronment. the Antarctic. and the developing 
countnes. In recent years. engmeenng so 
etes have developed a similar global organ 
vation. the International Council of Eng 
rewrrirhg Sock ties ICES) Dunng 1IYS]. fol 
taweng a Global Seminar organized in New 
Delt. India. bythe Indian Science Congress 
Association. the Indian National S wnce 
av adem and the Amern an Ass iahon tor 
the Advancement of Soence (AAAS). a con 
hnuing Committee was formed linking scien 
hhe and engneenng soceties world. de for 
the purpose of contributing to develop aent 
bragde human networks. established 
through meetings and cooperative projects 
we among the pnnciple means of circulat 
ng. evaluating. and stimulating new ideas 
lravel and communication are obviously es 
~wnitial to the health of those activities The 


4% 


» Of funding for international activities 
has been one explanation forthe des Teasing 
vetemment of US scientists in memahonal 
organizations and meetings Finding ways to 
etisure that such activities are mamtamed rs 
oy ITTep ort challenge to the scrwntifi 
‘OTVPTT PATIL 

A re type of institution, the prototype ot 
toch os the International Rice Research In 
MRR} at Los Banos, Philippines. has 
aN cupencd in the last two decades The In 
ternational Com and Mave Institute (CIMYT) 
1 Mexwoco and the International Center for 
resect Physiology and bcology UCIPE) in 
Kenya are examples. Each is privately in 


s! ! ite’ 


orporated im the country where its work is 
canned out. but its board of directors is inter 

tone | The Consultative Group for Inter 
OTe oP bh var ultural Research (CGIAR). a 
supporting structure made un of national 
joveTmnents and the World Bank, plans 
nates suncding for IRRL CIMY1 


mda nurnber of similar centers These new 


md coord 
types of mustitutions have been an mg the 
most effective instruments of fundamental! 
US cewek yrvierrit «at d assistance peovln ws In) 
revceryt Verars 

Many universities and colleges have satis 
lactory. bong term expenence with interna 
honal Cooperation in soence and technolo 
av The eaacultural programs of Comell Uni 
versity avd the |{ versity of Miryrnese ta are 


examples Extending those relationships and 


developing new ones im fields cntical to the 


lewlopment process would be in the inter 
stot both the Limited States and the deve! 


sot v7 be 


Comins 


Though this may lead to 
Ihe export of jobs. recem data Show that 
US trade with devel yng Countnes is the 
Most rapidly mcreasing portion of the Na 
hens fonagn trade. suggesting that offsetting 
bereits do exist 
The high proportion of foreign nationals 
unently enrolled m graduate scence and 
enanwenng programs in the United States 
>a cause of concem to developing nations 
whe fear a “bram drain and to US. observers 
concemed about the costs to US Westitu 
Hons and to State @overnments (in the case 
ol some state unnversities) The mterest of 
US onstitutions was stronaly articulated fol 
emung the US agreements with the People’s 
of Clana m 1979 


preparation and financial suUppPOTT. Tranng 


tery vcat oh Cnven adequate 


programs in (he United States and abroad 
lor developing country personnel in such 
helds as cul engineering and agricultural 
scence Could strengthen our own institu 
bons. help dewloping countries gam the 
most needed resource (trained scentists and 
engineers), and provide the basis for future 


Te lersan heal and COT’ i ial relat ships 


' 


Conclusion 


ihe opportunities for international cooper 
yhoncmn scence and technology are numerous 
Uitterent modes of cooperation offer differ 
ent costs and benefits. and thew contribu 
honms to the fundamental US Interests of 
econo qrawth and national securitl need 
to be assessed Since Amencan preeminence 
s ho longer possible in all areas of science 
md technology, careful attention needs to 
be pend to ways in which international cov ») 
eration can complement domestic R&D ef 
forts. conserve scarce financial res airces 
wip US. industry maintain or improve its 
rherrnathomal os MTIpetive preorsiticn and con 


tnhute to US political and secunty abectives 
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